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Motor Cars 













Motor Trucks 

Locomobile Kelly 
Mercer Riker 
Standard Eight Federal 
Stutz Saurer 
Haynes Bethlehem 
Kissel Winther 

White 

Tractors 
Case 


Aviation Motors 


Aultman & Taylor 
Illinois 


Twin City 
Curtiss 
D be 
Hall-Seot Machine Tools 
Rolls-Royce Cleveland Automatic 
Liberty Bliss 
Renault : Wood Tilted Turret 
Aeromarine Van Dorn Electric 
Lawrance Kempsmith 
Union American Tool 












Foreign Non-Gran Distributors 


Foreign Dept., Automotive Products Corp. 

3010 Woo! worth Bidg., New York, N. ¥. 
Stanley J. Watson, Sheen Road, Richmond, London, Eng. 
Aktiebolaget Galco 

18 Norra Bantorget, Stockholm, Sweden 


le Motor Trade Supply Co. Capetown and Durban 
enderson & Co Johannesburg, South Africa 


John O'Neill Pty., Ltd. Sidney, Australia 
Sucrs. de L. Villamil and Co. Porto Rico 
Simson and Nielson Copenhagen, Denmark 
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But— 


They all agree on 
one bearing bronze 


HE builders of these well-known motor cars, 

motor trucks, aviation motors, tractors and 
machine tools differ from one another on point of 
design, on materials used, heat treatment of their 
steels and on many other points. 


They all agree on Non-Gran as the “best buy”’ in 
bearing bronze. 


These builders—as well as dozens of others—know 
from actual use that Non-Gran is a wear-resisting 
bronze of unvarying uniformity, free from flaws, 
sand holes, air or gas pockets—they know that 
Non-Gran insures long service in their products and 
builds up good-will by postponing bearing renewals. 


One big motor manufacturer says: “‘Whenever we 
have had a bearing at some vital point and we wanted 
to forget about the bearing once it was installed, we 
have never considered anything except Non-Gran 
Bearing Bronze.” Isn’t this proof of the real worth 
of this bearing bronze? 


Non-Gran costs more per pound than any other 
bearing bronze. BUT the long service it gives more 
than justifies its higher price. 


It pays these manufacturers to use Non-Gran. 
It will pay you, too. 


The Non-Gran booklets tell all about this wear- 
resisting bearing bronze. Copies will be sent upon 
request. Address: 


American Bronze Corporation 
Berwyn, Pennsylvania 


District Offices 
348 Tremont Bidg,, Boston, Mass. $010 Woolworth Bldg., New York, N. Y. 
464 People’s Gas idg., Chicago, Il. 340 Leader-News Bldg., Cleveland, Ohio 


Pacifie Coast— Allied Industries, Inc., 279-283 Minna St., San Francisco, Cal. 
340 Azusa St., Los Angeles, Cal, 1252 ist Ave. Se., Seattle, Wash. 
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Business Is Business 
By BERTON BRALEY 


Reprinted from The Nation’s Business 


“Business is Business,’ the Little Man said, 
“A battle where ‘everything goes,’ 
Where the only gospel is ‘get ahead,’ 
And never spare friends or foes; 
‘Slay or be slain,’ is the slogan cold, 
You must struggle and slash and tear, 
For Business is Business, a fight for gold, 
Where all that you do is fair!” 


‘Business is Business,’ the Big Man said, 
“A battle to make of earth 

A place to yield us more wine and bread, 
More pleasure and joy and mirth; 

There are still some bandits and buccaneers 
Who are jungle-bred beasts of trade, 

But their number dwindles with passing years 


And dead is the code they made! 


‘Business is Business,’ the Big Man said, 
“But it’s something that’s more, far more; 

For it makes sweet gardens of deserts dead, 
And cities it built now roar 

Where once the deer and the gray wolf ran 
From the pioneer’s swift advance; 

Business is Magic that toils for man, 

Business is True Romance. 


“And those who make it a ruthless fight 
Have only themselves to blame 

If they feel no whit of the keen delight 
In playing the Bigger Game, 

The game that calls on the heart and head, 
The best of man’s strength and nerve; 

‘Business is Business,”’ the Big Man said, 

“And that Business is to Serve!” 


| WYMAN-GORDON COMPANY 


Worcester, Massachusetts 
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Recent Action Regarding the Sections 


Crawford was chairman, and Joseph A. An- 
glada, W. A. Brush, H. R. Corse and C. 5S. 
Whitney were members, did much valuable work in 
connection with the methods of conducting the Sec- 
tions of the Society. Several meetings were held in 
the different automotive centers, including confer- 
ences with the Society Membership Committee 
whose work is closely inter-related with the activi- 
ties of the local working units of the Society. Mem- 
bers of both committees advised repeatedly with 
the officers of the Society at Council meetings. Prac- 
tically all the features of the Sections’ work were 
discussed, with the result that a definite program 
which has several new features has been evolved. 
A manual, upon which study has been concen- 
trated for about two years, has been approved by 
the Council and issued in final form for use by the 
Sections in the carrying out of details: of office 
work and procedure in meetings. The manual is 
an outline scheme of the different steps to be taken 
by the Sections from time to time and constitutes, 
it is generally agreed, a helpful vade-mecum for the 
Section officers. 


[ce 1919 Sections Committee, of which C. S. 


Enrollment of Section Associates to Cease 


Some years ago there was authorized under a 
Council ruling the enrollment of Associates by the 
Sections. The original thought was to serve those 
men who wished to participate in Section meetings 
but who could not afford to join the Society and 
thereby become eligible for membership in a Sec- 
tion. The Section Associate was not a member of 
the Section or of the Society but had certain re- 
stricted privileges. It was believed that a properly 
enrolled body of Section Associates would result in 
the recruiting in due course of additional members 
for the Society with mutual benefit to the Society and 
the men engaged in automotive engineering work. 
After a long trial, however, it is the practically 
unanimous opinion of those well qualified to judge 
that it is better to discontinue the enrolling of As- 
sociates by the Sections. One point not fully appre- 
ciated heretofore is that in the case of men under 
26 years of age there is a better opportunity to 
obtain the benefits of affiliation with the Society by 
joining as Junior members thereof, in view of the 
low initiation fee and annual dues in effect currently 
for this form of membership. Such men if engaged 
in engineering work are eligible for Junior member- 


ship in the Society, the initiation fee being $10 
and the annual dues $5. The standard annual dues 
for Section membership are $5, whereas the standard 
fee for enrollment as Section Associate was $10. It 
is to be borne in mind that the Junior member re- 
ceives all of the privileges of the Society, including 
its publication, except voting power. The only privi- 
lege which a Section Associate received, in addition 
to that of attending Section meetings, was the re- 
ceipt of the JOURNAL of the Society. 

After mature consideration of all the circum- 
stances, the Society Council has voted to request the 
Sections to cease enrolling Associates during this 
fiscal year, and to amend their Constitutions so that 
Section enrollment will thereafter be eliminated. 

To make more accurate maintenance of the rec- 
ords of the Sections possible and to relieve materially 
the burden upon the officers of the Section, the pol- 
icy has been instituted of each Section maintaining 
a paid Assistant Secretary on part or whole time. 
An action more or less intimately associated with 
this policy is to the effect that the restriction in 
the Standard Section Constitution preventing im- 


mediate re-election of a Section Secretary shall be 
eliminated. 


Section Dues to Be Continued 


Considerable discussion was had as to the advisa- 
bility of discontinuing the provision for the pay- 
ment of Section dues by those members of the So- 
ciety becoming Section members. It has been de- 
cided that in the present circumstances at least it 
is better that these dues be continued. This point 
is based in part upon the feeling that the abolishing 
of Section dues would have a harmful effect on the 
integrity of and interest in the Section, and in part 
upon the financial problems that would be evolved 
for the Society if the Section dues were abolished, 
there being of course no thought of reducing in any 
way the activities of the Section. The Sections are 
plainly a part of the life-blood of the Society. 

As to the defrayal of Sections expense from the 
Treasury of the Society, the Council has appropri- 
ated for the use of the Sections each year moneys 
in the following amount: $250 to be received by 
each Section at the beginning of the standard fiscal 
year, Oct. 1, and in addition $1 for each member of 
the Section as of March 1 of each year. 

Plans have been completed for regular and in- 
creased service to the Sections from the Society. 
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The Airplane As a Commercial 
Possibility 





By D. W. Dovetas' (Member) 





HE cessation of the great war has left the air- 

plane industry in America well equipped to design 

and produce machines and engines of the highest 
quality in the world. It has, however, left it in poor 
shape for existence, for few of the airplanes developed 
for military purposes hold much promise of successful 
adaptation to peace-time commercial uses. Future mili- 
tary business of any magnitude is problematical. That 
the war has advanced the science of aeronautics and in a 
way that will help to solve even the commercial problems 
is true; and it has given the industry opportunities for 
the betterment of its products that would not have come 
to it in double the period of time in peace. That commer- 
cial use must be made of airplanes to support even a part 
of the capital and interests involved in the business at 
present, seems necessary. 

Many people argue that the Government cannot afford 
to allow this great and new industry to languish because 
of lack of business, but must foster and further it by 
subsidy or continued military orders. That such a 
course would be welcome at this critical period is un- 
deniable, but total dependence of existence on this prob- 
lematic possibility would be fatal. Governments are 
sometimes slow in acting in a sufficiently decisive manner 
on such problems, as is witnessed by the disappearance of 
our merchant marine in the latter part of the nineteenth 
century. Furthermore, government subsidy does not al- 
ways appear healthy for the sound development of com- 
mercial projects. Of the early transcontinental railroads, 
those that received the least or none of the support ac- 
corded by the Government remained the most financially 
sound. 

The problem before us today is: What practical use 
can be made of airplanes, what volume of business can 
we expect to secure with them, what changes of or de- 
velopments from present military machines will be neces- 
sary to give us an efficient commercial machine, and what 
does the future hold for this new means of transporta- 
tion? Let us inquire into the probable fields that the 
commercial airplane can hope to enter, and, either com- 
peting successfully with other means of transportation 
or supplying the lack of such transportation, become a 
recognized factor in the development of commerce and 
the furtherance of social and economic intercourse 
throughout the world. 


PASSENGER TRANSPORTATION 


Since speed is the most outstanding present-day ad- 
vantage of the airplane, I rank passenger carrying first 
in importance. Many of our daily business and persona! 
affairs can be successfully conducted only by a personal 
meeting or inspection. “Correspondence, telephony and 
telegraphy cannot supply the complete satisfaction of ac- 
tual personal contact. Where any great distance sepa- 
rates the subject and his objective, present-day express 
train service often proves too slow. 

Time wasted in travel means money lost, suffering 


*Chief engineer, Glenn L. Martin Co., Cleveland, Ohio 





CLEVELAND SECTION PAPER 


endured or pleasure sacrificed. Granted safety compar- 
able with that of our present means of travel, in point 
of fatalities per miles traveled, and that I trust will be 
demonstrated soon, are there not many instances in the 
life of any person when he would gladly pay twice the 
railroad fare to reduce his travel time to one-half or 
one-third? Is it not conceivable, then, that having once 
found that this saving is worth something to him at a 
critical time, he will avail of it again for some less 
important reason? Soon he will find, if he be a man of 
large and pressing affairs, that he is remolding his 
schedules on the basis of this new time-annihilating 
service. The first problem, then, seems to be to win the 
confidence of the public, to institute a successful passen- 
ger transportation line between two great cities such as 
New York and Cleveland. 

Aeronautical people all feel confident that with the 
lessons learned from military experience and with new 
safeguards thrown around the airplane in its operation 
and maintenance, such a service can be safely embarked 
on with our present-day knowledge and material. This 
must be proved by actual performance rather than by 
statement, and so the airplane builders or those with 
the necessary knowledge, enthusiasm and capital who 
will come forth as commercial operators must take the 
risk. In one way or another they must actually carry 
passengers. They must carry them on schedule, com- 
fortably and without mishap, and for a reasonable period 
of time. Experimental human material is needed, then, 
in addition to the experimental carriers of it. To my 
way of thinking, and from observation of and conversa- 
tion with many people, there is plenty of such material 
in the adventurous, the curious and those whose ex- 
tremity may be so great as to warrant the chance they 
are sure to believe they are taking at the time. 

Granted, then, that sufficient patronage of a not too 
serious order can be counted on for starting a passenger- 
carrying airplane line of small size, what form will this 
first venture assume? Three methods of attack can be 
followed and are being followed at this time. They are: 


(1) Scheduled regular service 
(2) Special taxi service 
(3) Tourist service 


Of the three the first seems to hold the most promise 
of giving us our first real data on costs, maintenance and 
traffic. While it appears offhand to involve the risking 
of more capital than the last two, it need not prepon- 
derate greatly in this respect and certainly will offer a 
more accurate count of the public pulse than the other 
methods. By scheduled service I mean, of course, the 
operation of one or more machines flying between two 
or more points on a time schedule properly based on the 
safe speed of the plane, the altitude flown and the head 
winds likely to be encountered. No such service has as 
yet been actually started either here or abroad. 

In England various airplane firms have ready machines 
carrying from 10 to 40 passengers; the French Farman 
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carrying 12 persons and the big Caudron company are 
‘only waiting for military questions to be settled before 
opening up regular service between London and Paris and 
other European cities. England has big projects along 
these lines throughout her colonial possessions and seems 
imbued with the determination to realize them. In Italy 
Caproni is building larger passenger planes than anyone, 
which it is said will be operated from the northern to 
the southern part of that country and even across the 
Mediterranean to the African possessions. 

Other enthusiasts believe that the safest course to 
pursue in breaking into the transportation of passengers 
is through the use of the taxi system. To illustrate this 
I may state that the Curtiss Aeroplane Co. intends to 
maintain a fleet of fast machines at a flying field near 
New York City, always in readiness with expert pilots in 
attendance to take anyone with the necessary confidence 
and money to any part of the United States. Our Air Ser- 
vice has for some time been using planes for a similar 
service. In Washington several machines and some of the 
best pilots in the service are ready at any time to carry 
high officers or officials on a joy ride or a quick official 
trip to other cities within a radius of 400 miles. 

At Atlantic City companies are planning to handle the 
tourist trade. That they will meet with success in joy- 
riding pleasure seekers next summer seems dependent 


only on their intelligent use of the best materials and 
personnel. 


AIRPLANES AS MAIL CARRIERS 


Passing to the second commercial use of airplanes, mail 
carrying, we enter a field where the element of danger 
is not of so much importance. It is not to be neglected 
any more than in passenger carrying, but the possibili- 
ties of crashes do not limit the initial business. 

Under the heading of mail carrying I will group several 
functions: 


41) Regular mail transportation 
(a) By the government 
(b) For the government 

(2) Fast dispatch service 

(3) Financial service 

In regard to the carrying of mail by plane, everyone 
is acquainted with the fact that the Post Office Depart- 
ment has had a service in operation for the past year 
between New York City and Washington. It has operated 
this with its own personnel and material, and made a re- 
markable record on this run for efficient and continuous 
service. The amount of mail carried has, of course, been 
small as the service is only a beginning. About 160 lb. of 
mail is carried every day from each city, the pilots flying 
in all sorts of hazardous weather. Rain and storms fail to 
frighten them, and the instances of failures have been 
very few. The Chicago-New York City route was, as you 
know, unsuccessful in the first trials, but this was due 
mainly to faulty machines for this long haul, ignorance 
on the part of the pilots of the country traversed and a 
rather hasty start without proper organization and equip- 
ment. Next spring this run will again be instituted, and 
judging from the preparations being made and the ma- 
chines that will then be available it should be as successful 
as the New York City-Washington ‘run. 

Whether the Post Office Department will contract with 
airplane transportation companies for carrying mail in 
other localities will depend to a great extent, I judge, on 
the record of performance Actually accomplished in oper- 
ating their lines for some other uses. It is not incon- 
ceivable that a company which had been regularly and 
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successfully carrying passengers on a certain route would 
be able to secure contracts to carry some government mail 
along with the regular load. 

Under the second function of mail-carrying types of 
planes comes independent carriage of special commercial 
dispatches. A service could be maintained with fast 
planes, flying both night and day, that would bid fair to 
outrival the night telegram service between cities over 
300 miles apart. It would be as quick at probably lower 
charges and have the great advantage of accurate trans- 
mittal and the possibility of conveying information other 
than that written. 

Machines engaged in this work could also handle the 
third class of mail-machine operation. Where the saving 
of a few hours in the time of transmittal of a draft on 
a bank in one town, to be deposited in the other, may 
mean the saving of a day’s interest, fast airplane service 
would certainly be an advantage. 


GENERAL ExpRESS TRANSPORTATION 


If we now take up the third peace-time use of the 
heavier-than-air machine, general express transportation, 
we enter a field which at first glance does not appear to 
offer much encouragement to the airplane as a carrier. 
Express and fast freight service throughout developed 
parts of the world is generally good and, of course, much 
cheaper than similar service by wing. One the other hand, 
as in carrying passengers, the future promises a class 
of people to whom the greater speed is a worthy consid- 
eration; so in the transportation of merchandise we will 
find classes of goods which can bear the extra cost of 
moving in exchange for the time saved. This may prove 
particularly true in conveying goods from small towns 
with indifferent rail service to the large centers. Among 
the articles which can bear the extra tariff are: 


(1) Perishable goods 

(2) Replacement parts for damaged machinery 
(3) Medical and surgical materials 

(4) Motion picture films 

(5) Newspapers 

(6) Luxury articles 


Taking up the question of perishable goods that can 
bear the expense of airplane travel, we may list such 
things as high-grade certified infants’ milk, rare and out 
of season fruits, vegetables and flowers. The milk for 
New York City is supplied largely from upstate dairies 
not having the fastest of rail service. With a preliminary 
cooling at the dairy this milk could be carried quickly 
and deposited still cold in the city. Where the breakage 
of intricate machine parts threatens the tying up of a 
plant, the aerial express line should find an opportunity to 
be of value. Shortages in factories working on a pro- 
duction basis that could ill afford an interruption could 
be made up from stock in a distant town in the minimum 
time possible through the air. Occasions arise in epi- 
demics or catastrophes where the shortage of medical 
and surgical materials, personnel and food becomes seri- 
ous. With airplanes such supplies could be rushed in 
the fastest way. Motion picture films could not only be 
distributed in the shortest time by airplanes, and thus 
cut down exchange and idle time, but the service would 
add to the advertising campaign of film companies. News 
grows stale quickly and small-town papers do not always 
satisfy the residents of such communities. The faster 
distribution would increase the out-of-town sales of the 
daily papers of our large cities and widen the range of 
their circulation. Articles of luxury which bring high 
prices in proportion to their weight could in many cases 
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have quicker distribution profitably. Advertisement 
would enter here to a greater extent than in any other 
class of service possible. Confectioners and florists in the 
large cities, enjoying a wide reputation and a high-class 
trade, could broaden the field of their patronage consid- 
erably. 


AERIAL TRANSPORTATION OF MINERAL ORES 


Mineral ore, while appearing to be a difficult cargo for 
seemingly flimsy aircraft to carry, is, in certain locali- 
ties and in certain grades of ore, a practical load for 
airplanes. Where mines producing rich ore are located 
in inaccessible country not tapped by railroads or high- 
ways, barring exceptions where the character of the ter- 
rain precludes the possibility of landing fields or where 
altitudes are excessive, an aerial transportation system 
could be installed without the necessity for heavy invest- 
ments in roadbeds and grading and could be operated at 
costs that would not be excessive. If the mine be a small 
one, removed from the possibility of surface service, the 
airplane can take out the ore and when the workings are 
barren leave no great amount of useless investment on 
the location. In addition to carrying the ore out, labor, 
equipment and supplies can be brought back on the return 
trip. Where speed in the operation of a newly found 
mine and in the marketing of its ore is an advantage, 
because of high market prices, an aerial system could 
be put into operation much faster than any surface sys- 
tem and would be delivering the ore months before the 
road or grading work could be finished. 

‘The transportation of the ore from the mines to the 
nearest railroad might not be found to be the limit of 
this service, for at times and in certain undeveloped local- 
ities it might pay to carry the load farther to a district 
of better rail service. The distance of handling might 
today be limited to 300 or 400 miles because of the poor 
economy of carrying too much fuel, but there is reason 
to believe that with great load capacity and machines 
developed for this class of service, this range could be 
increased without too much loss in economy to 500 miles. 
To obviate the necessity of landing with a great load of 
ore, the machines could fly low over the receiving yard 
and drop their burden from the air. Where the haul 
was short, several round trips from the mine to the 
depot might be made with no landings at the latter, and 
time and the wear-and-tear incident to landing could thus 
be saved. 


AERIAL PHOTOGRAPHY AND Map MAKING 


One of the uses of aircraft that the war has done the 
most to develop to its present high state of accuracy is 
aerial] photography and its application to the making of 
mosaic maps. Developed from the necessity of gaining 
accurate information as to the location and nature of 
enemy gun emplacements, fortifications and supply lines, 
the science of aerial photography has become such an 
exact one that not only can it be used to get true topo- 
graphic maps, but it can be applied in the making or 
checking of maps and mapping observations. The bulk 
of this work,, and all interested in the furthering of flying 
throughout the country are hoping that much of it will 
be done, will probably be directed by the Government 
through its military or civilian personnel. It is not in- 
conceivable, however, that companies engaged in the pub- 
lishing of maps of the various parts of the country, such 
as Rand, McNally & Co., could find a market for better 
maps based on aerial photographs. 

Owners of great ranches and plantations might find it 
of value to have the added insight of their possessions 
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and the correlation of their various sections that would 
be afforded by a complete mosaic map. Advertising lit- 
erature and descriptive maps of cities, resorts and real 
estate developments made by the aid of actual aerial pho- 
tographs would undoubtedly possess enough value to war- 
rant the expenditure necessary to compile them. In sur- 
veying undeveloped country for laying new railroad lines 
through it, the airplane would not only be a valuable 
adjunct in transporting the surveying parties and sup- 
plying them with necessities, but would aid in the making 
of their contour maps. 


OrueR MisceELLANEOUS USES 


Among the miscellaneous uses that we may hope to 
put airplanes to, come those of supervision and explora- 
tion. While in many of its aspects this work would 
dovetail with the photography previously outlined, in 
other ways it presents new fields. Consideration is being 
given today by the Government to the patroling of the 
great National Forest reserves by airplanes driven by or 
carrying an expert forest ranger. A greater check on 
forest fires could be exerted by this means and in that 
way much natural wealth conserved. More ground could 
be covered with smaller personnel, and reports of fires by 
wireless from the air to a central receiving station would 
expedite the rushing of fighting crews to the scene of 
the impending catastrophe. 

The inspection and supervision of large properties is 
made more efficient and rapid by the employment of an 
airplane by the manager. It is reported that J. P. Morgan 
has bought a plane and engaged a pilot to aid the manager 
of some of his large wheat lands in keeping in touch with 
his work. Policing operations, both state and municipal, 
could be aided by airplane squads. State constabulary 
could throw a force of men into an isolated town where 
a strike or riot impended, by the use of large fast 
machines kept at central flying grounds. In the explora- 
tion of undeveloped country for following waterways or 
determining suitable waterpower developments, airplanes 
would provide vision and perspective to the pioneers. 


Use or AIRPLANES FOR SPORT 


Among the last and what has appealed to so many as 
the first and best use to make of our present aircraft is 
the sporting development. Undeniably there is a field 
here, and had the war not intervened it would be farther 
advanced. For customers the producers of sporting types 
of airplane will surely have many of the returned and 
discharged military aviators. Most of them would prob- 
ably enjoy the possession and use of a fast, able little 
craft, but unfortunately an airplane will always be more 
expensive than a motor car and hence few but the wealthy 
will be able to indulge their fancy. 

One of the first obstacles to pleasure flying is the fact 
that suitable flying fields are not numerous or located in 
respect to each other in such a way as to make possible an 
ordinary jaunt of an afternoon. Flying in the vicinity 
of a field soon becomes tiresome. One way out of this 
difficulty is through the use of machines of the flying-boat 
type. Coastal waters, inland lakes and rivers provide 
ample landing room for sportsmen. Sport flying will no 
doubt increase in popularity in spite of its cost and prob- 
ably be fostered by the Government. The enlargement of 
the landing facilities provided by the mail routes and com- 
mercial lines will assist. That it will ever approach the 
magnitude: and popularity of motoring seems improb- 
able; skill in flying is not possible of attainment by every- 
one; the hazards of flying can be combatted only by the 
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employment of elaborate precautions beyond the means 
of individual fliers. 
CHANGES IN PRESENT EQUIPMENT 

Having covered in general the uses of aircraft, we 
approach now the subject of the initial developments that 
are necessary before entering the field of commercial 
endeavor. These in the order of their importance are: 

(1) 
(2) 
(3) 
(4) 
(5) 

As I expect to cover the future developments later, I 
will confine myself here to a summary of what changes, 
if any, we must make in our present equipment and 
methods. 

Our best engines at present, as exemplified by the 
Liberty Twelve, seem to give promise, if properly handled 
and not overtaxed in power or length of service without 
overhauling, of giving satisfaction in regular service. 

Our airplanes, of course, need considerable reworking 
to fit them for carrying passengers or inert cargoes, 
except possibly in the case of smaller machines used for 
special service. Some of our planes, built to give the 
ultimate in performance from a military standpoint, pos- 
sess unpleasant features when applied to peace-time uses. 
These planes will be worthless as far as everyday use is 
concerned. Others will require only a changing of in- 
terior arrangements. Bomb compartments will be re- 
placed by comfortably appointed cabins or conveniently 
arranged cargo holds. Accessibility and ease of replace- 
ment of wearing parts will be given prime consideration 
in redesigning these machines. 

Our navigation means probably call for the most imme- 
diate developments. Air compasses now in use are not 
thoroughly satisfactory at all times and in all weather. 
Radio direction-finders have been developed and seem to 
promise a more accurate and dependable method of keep- 
ing a true course in flying across country above the clouds 
or in a rain or fog. Better maps are necessary at once. 
Present-day maps are usually lacking in true accentuation 
of natural landmarks such as rivers and mountains. Con- 
fusion is caused by the omission of some marks and the 
inclusion of others when perhaps both look to be of the 
same magnitude when observed from an altitude of 10,000 
ft. or more. Cities flown over should be marked in some 
way to be readily recognizable by night or day. 

Means of signaling the location of a field are necessary 
in a fog. Since most fogs are close to the earth, captive 
balloons riding above the fog in.daytime, or star lights 
shot above the fog at night, will make it possible for the 
aviator to find his field. Proper and adequate means of 
lighting fields for night flying are advisable, since in some 
kinds of service this will present advantages over day 
flying. 

Radio lighthouses along established routes sending out 
distinctive signals at regular intervals will aid the pilot 
in checking his position, which may be rendered uncer- 
tain by unknown wind conditions and loss of visability of 
the ground. Landing fields should be provided at rea- 
sonable intervals along the course of aerial routes. An 
endeavor should be made to locate suitable fields as near 
to town as possible in all cities contemplating airplane 
service, as a field distant from the center of a town tends 
to offset the time-saving of aerial travel. The shorter 


the run the more will be the magnitude of the disad- 
vantage. 


Engines 

Airplanes 

Means of navigation 
Landing grounds 
Legal questions 


Serious contemplation should be given by the proper 
representative bodies of the State and the Federal Gov- 
ernments to the legal aspect of aerial transportation. 
Uniform laws governing the behavior of machines in the 
air and when alighting are needed, as well as inspection 
regulations to safeguard the public and eliminate igno- 
rant and foolhardy operators. Proper instruction and 
examination of pilots are necessary; while the examina- 
tion should not be so exacting at this time as to be 
unjust, it should be and can be thorough enough to safe- 
guard against unsuitable and incapable operators. 


FuTruRE DEVELOPMENTS IN AIRPLANES 


It seems safe to assume that the uses of aircraft will 
expand rather than contract. This would indicate that 
we shall always have as many different sizes of machine 
and engine as now. Small single-engine planes will con- 
tinue to attract sportsmen, will be used in special service 
and even in mail or passenger lines between small towns. 
Multiple-engine machines, however, possessing, as they 
do today, the added safety of being able to continue 
flight when one engine stops, seem certain to come more 
into use for all regular systems requiring the maximum 
of safety and dependence. Even though engines develop 
considerably in reliability, as they must and will, this 
type of airplane seems bound to predominate from other 
considerations. The size of the multi-engine machine 
will therefore probably vary more than at present. Start- 
ing with small two-passenger twin-engine airplanes, we 
shall probably have two, three, four and five-engine planes 
with horsepowers up to 5000 and useful loads up to 20 
tons, operating in different services in the near future. 

As to the speeds that we may expect the machines of 
the future to attain, it appears that while more efficient 
machines and engines will undoubtedly increase the maxi- 
mum possible, many types will be slow. Where a service 
is operated over country not possessing fast surface trans- 
portation, or over broken country and large bodies of 
water, the slower plane, say that having a maximum 
speed of about 80 m.p.h., will be the most economical. The 
attainment of higher speeds will always mean the lower- 
ing of the useful load carried. Where there is good rail 
service, or other conditions call for the maximum speed, 
we may expect to find planes in operation making with 
their full load anywhere from 150 to 200 m.p.h. Speed 
does not mean less dependence or safety but more often 
surer and safer service. It does, however, except in cer- 
tain instances, spell higher costs per pound of load 
carried. 

The tendency in engines, as far as their size is con- 
cerned, seems still to be toward greater power. What 
the limit will be is hard to predict, since it is restrained 
somewhat by developments in other directions. Unless 
radical changes in the methods now used in the making 
of air propellers occur, it does not seem that units larger 
than 1000 hp. will be practical. Two or more propellers 
driven from one powerplant by shafting or other means 
may, however, make it possible to double or treble this 
figure, lacking any developments in air screw construc- 
tion. 

As to new developments in airplane design, aside from 
larger or faster machines, it is difficult to see that this 
will follow any new or startling lines. The problem of 
descending and arising vertically with heavier-than-air 
craft, while probably not impossible of solution, seems to 
present insuperable difficulties. Very likely compromises 
will be effected which will permit airplanes to land in 
more restricted fields and in terrain of a rougher char- 
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acter than is now advisable. Lifting screws, air brakes, 
variable camber, variable area and better landing gears 
may be used in the solution of this problem. 

Refinements of structures by more careful design or 
employment of better materials will undoubtedly con- 
tinue and will, by decrease of weight and head resistance, 
give greater speed ranges or greater load capacities. 

Developments in engines seem to point toward the 
maintenance of power with increase in altitude and the 
consequent increase of speed and miles per gallon of 
fuel. Some success along this line has been attained 
already, and practical solutions appear to be forthcoming 
soon. More reliability in engines and the possibility of 
longer running without overhauling are of such advantage 
in commercial work that efforts will surely be bent in 
this direction. Better fuel economy will be sought not 
only from the fact that costs will be cut in this way but 
because weight will be saved by the reduction in the 
amount of fuel carried and the space gained will be avail- 
able for more cargo or more comfort for the passengers. 
The three main developments in the engines then would 
seem to point to a higher weight per brake horsepower at 
sea level, but, of course, the maintenance of power at 
great altitudes and the lowering of the fuel consumption 
should offset this and perhaps eventually put us ahead of 
the present low-weight engine unit. 

In the development of accessories and safeguards the 
field is broad and offers many opportunities. Automatic 
controls for the relief of the pilot seem certain of early 
attainment. Safeguards against fire and leakage from 
fuel tanks are well developed now, although not always 
applied. Improvement in both as to effectiveness and 
weight can be expected. 

Muffling of engines, heating and ventilating of the 
cabins and housing-in of operators without restricting 
their vision will all come shortly and add to the efficiency 
of the pilot by reason of the increased comfort and 
freedom. 

More durable materials for the covering of wings and 
bodies, protective coatings and the like will lower the 
present high rate of deterioration. 


SERVICE Cost Data 


No doubt you have all at one time or another thought 
that you might like to take a trip in a passenger-carrying 
machine. You have no doubt wondered what the initial 
costs would be and what the rate per passenger-mile can 
be. expected to be in the near future. With this thought 
in mind I have prepared the following brief cost calcula- 
tions on a problematic service between Cleveland and 
Detroit. The costs include all operating and overhead 
expenses of a complete operating company. For this 
service I have assumed the use of one of the Glenn Martin 
Co.’s twin-Liberty 10-passenger planes equipped with 
pontoons for water landing. I have done this rather than 
use the land machine as in both Cleveland and Detroit 
suitable landing fields are too far from the center of town. 
Also, with a water machine no hesitation would be felt in 
taking a straight course from the one town to the other. 
If a land machine were used, prudence would dictate the 
following of the shoreline, with the increased distance 
thus made necessary, combating the time saving of the 
service. It should be understood, however, that this par- 
ticular service is not the best example as to economy or 
locational advantage. Moreover, costs over the water will 
be higher than over land because of the poorer efficiency 
of water machines. That the estimates shown can be bet- 
tered for more advantageous service is possible of proof. 


CONDITION OF FLIGHT 


The distance is assumed to be 100 miles. 

The high speed of the plane full out will be 105 m.p.h. 

Regular flying will always be conducted at a reduced 
speed of the machine and the engines. This speed will 
average about 95 m.p.h. when each engine is delivering 
about 310 hp. 

Schedule flying time will be based on this throttled 
speed, less 15 m.p.h. Scheduled speed will then be 80 
m.p.h. and schedule time for the trip 14%, hr. Schedules 
can be maintained against head winds up to 25 m.p.h., 
by running full out. As winds above this speed are occa- 
sional and usually accompanied by weather rendering fly- 
ing inadvisable, schedule time should be maintained on 
over 90 per cent of the flying days. 

In figuring the costs of operation and the depreciation 
of the machines and engines, this schedule time of 114 
hr. per trip will be used, although the majority of runs 
will be made in less time than this. This will provide 
a factor of safety and cover idling of machines on the 
water. 

We will assume that flights will be made 270 days out 
of the year, or about 75 per cent of the time. Further, 
we will consider that our average load will be eight 
people, or 80 per cent of the maximum. 

The gasoline consumption will run 26 gal. per hr. per 
engine or a total consumption per machine of 52 gal. 
per hr. The total oil consumption should not exceed 2 
gal. per hr. 


SERVICE 


Assuming that the amount of traffic will permit the 
operation of two machines, each making six trips a day, 
three machines a year will enable this service to be main- 
tained, as this would allow each machine a yearly flying 
life of 100 days, with 90 days for repair out of the 270 
flying days in the year. We will assume that the total 
life of the machine is 1350 flying hours, and that to keep 
it in the air this time 15 per cent of the original cost is 
expended in replacement parts. Labor and material for 
fabricating other parts will be figured also. 

We will assume that to keep each machine in the air 
1350 hr. two sets of engines will be used and junked. 
The total running life of each engine would then be 675 
hr. We will assume that in the life of each engine it is 
completely overhauled six times and that at each over- 
hauling replacement parts equal in value to 10 per cent 
of its cost are used in addition to other labor and material 
for repairs. 


TIME SCHEDULE 


LEAVE 


ARRIVE 
CLEVE- | ARRIVE | LEAVE | CLEVE- 
LAND DETROIT | DETROIT LAND 


Machine No.1 7.00a.m.|1 8.15a.m./2 7.00a.m./2 8.15a.m 
Pilot / 


\ \ B IB 


Machine No.2 9.00a.m.\2 10.15a.m.|1 9.00a.m.|1 10.15a.m. 
Pilot B B }A 1A 


Machine No.1 11.00a.m.\1 12.15p.m.|2 11.00a.m.|2 12.15p.m. 





Pilot \ |A iB B 
Machine No.2 1.00p.m.|2 2.15p.m.}1_ 1.00p.m.}1 2.15p.m. 
Pilot i, ® C |D D 
Machine No.1 3.00p.m.|l 4.15p.m.|2 3.00p.m.|2 4.15p.m. 
Peet... D D IC C 
Machine No.2 5.00p.m.\2. 6.15p.m./1 5.00p.m.|1 6.15p.m 
Pilot C C iD D 


| 
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It is seen then that four pilots are operating every 
day, each making three flights totaling 334 hr. in the air. 
Six pilots will be required to give the proper relief and 
reserve. 

CAPITAL INVESTED AND EXPENSES 


PROPERTY AND EQUIPMENT INVESTMENT 


Docks, hangars and repair shops...... $60,000 
Machine tool and hangar equipment. . 35,000 
ChOS GOUIDMONE. 2... 5 os kc cee cies 4,000 
Gasoline tank equipment........... 3,000 

Total Property Investment $102,000 


TRANSPORTATION EQUIPMENT PER YEAR 
3 Airplanes, without engines, @$40,000. . . $120,000 


ID Pemes G GE000. .. ...ccccccswecdcas 48,000 
Airplane spare parts (15 per cent of value 

Se NN og ce ay avs aos algisl hah aban Du Sle eierta 18,000 
Engine spare parts (60 per cent of value of 

GEOG). . ss sucess tedoes cede aston 26,800 
Material ee ee ooo .. 10,000 

Total Annual Equipment Investment. 222,800 


Direct OPERATING Cost PER YEAR 





Gasoline: 210,600 gal. @ 20c............ $42,140 
Oil: 8,100 gal. @ 70c ...... 5,670 
Total Annual Operating C WG os bce ciate 47,810 
ANNUAL SALARIES FOR PERSONNEL 
1 Chief pilot and general manager....... $7,500 
fs Oo) 2 errr 24,000 
6 Flying mechanics @ $2,500........... 15,000 
2 Shop superintendents @ $3,000. 6,000 
1 Passenger and purchasing agent. 4,000 
ee er ee ere ere ere 3,600 
2 Sipe ements @ SLG00..... 5. v5 cnc ce cies 2,600 
2 Draftamen @ $2,000... .. 0.6.6.5. -000% 4,000 
16 Field mechanics @ $1,560............ 24,960 
40 Shop mechanics @ $1,300............ 52,000 
2 Watchmen @ $1,300............ 2,600 
3 Stenographers @ $1,300........... 3,900 
GUM PEONAL TOWNE 5 56 85 0:8.66 wee gisele oath 150,160 
OVERHEAD 
Building and dock upkeep.......... $4,000 
Fire insurance on building and equipme nt. 600 
“2axes...... SG ee a Bd 4,500 
Heat, “light and power MPN 1 Renae en Bape 3,500 
ME NII ooo. 5 Shires cavenadvintraticne’wlictase ¥en 1,500 
Postage, telegraph and telephone sie 3,600 
Depreciation of buildings at 5 per cent... . 3,000 
Depreciation of machine tools and equip- 
SNCS OS TU DET CONG... oo sc eee sacs 3,500 
Depreciation of office equipment @ 10 per 
Re eee Cte a ee ee 400 
Depreciation of gasoline storage tanks @ 
NOTES G2 fo yah beads ws eCoeie mene. 200 
OE RINE op foveiniy ore Kae «eGo es 24,800 
Cost or OPERATION PER YEAR 
Transportation equipment.............. $222,800 
ES ROE a Pane erty eon cs 47,810 
NN or ava. 9! oe aun Gai ord arene eeipin\ were ASS ee 150,160 
oo OE PE 24,800 
Reserve for unforeseen expenses.......... 20,000 
Total Annual Operating Expenses............ 465,570 
Passengers carried per day (80 per cent of 
a ee ar ree ne atte 96 
Passengers carried per year (80 per cent of 
SE eee a tr 25,920 
Cost of trip per passenger............... $18 
Cost per passenger mile................. $0.18 
Gross receipts @ $22 per trip............ $570,000 
Total profit. . Seat tag sigerrtaned . $104,430 
INVESTMENT REQUIRED 
Transportation equipme nt. . $222,800 
Property and equipment................ 102,000 
Working capital required................ 25,000 
Ee ks cc kakevenkeouce bananas 349,800 
Percentage of profit on investment....... 30 
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Assuming larger and faster land machines working up 
to the limit of their capacity, it can be shown that pas- 
sengers can be carried at a good profit as low as 10 cents 
per passenger-mile. The fuel consumption mentioned is 
a little high because the engines are throttled and the 
Liberty burns 33 gal. per hr. full out, developing 400 hp. 
Throttling down to 310 hp., the engine speed is approxi- 
mately 1600 r.p.m. We have no accurate results on gaso- 
line consumption at that speed, but I know that going to 
Washington we burned a little more than 26 gal. per hr. 
per engine with the engines running about 1600 r.p.m. 
I think that consumption could be reduced. 


Tue Discussion 


QUESTION:—Have any comparative costs of aerial 
transportation by the dirigible and the airplane been 
compiled? 

Mr. DouGLAS:—The British Government has a very 
complete record which was made at the close of the war. 
The data seem to point out that the cost of transportation 
will be considerably lower on long trips by the dirigible 
than by the airplane. I have much faith in the airship 
as a carrier and particularly on long journeys. It seems 
that almost everyone believes that up to 500 miles the 
airplane will get the business. Over that the dirigible 
will be used. Where the runs are too short for the diri- 
gible, the overhead and large landing fields make the 
service a poor one, but for the longer distances it is a 
very economical means of transportation and far ahead 
of the airplane. 


QUESTION :—At what altitude do you anticipate making 
the trips mentioned? 

Mr. DouGLAs:—Usually from 4000 to 6000 ft. There 
would be no advantage in flying any higher, and flying 
over water there is a chance to land readily. 

QUESTION :—Is it not true that the higher you fly the 
better the fuel economy? 

Mr. DouGLAsS:—It has been shown that this is true. 
Some time ago a test was run with a DH-4. I think 
the mileage per gallon was 6 at 7000 and 7 at 15,000 ft. 

QUESTION :—Is it not a matter of air resistance? 

Mr. DOUGLAS :—Yes. 


QUESTION :—What progress is being made in the way 
of metal construction? 

Mr. DouGLAs:—Two metal wings submitted for ex- 
periment had practically the same strength as the wood 
wings but weighed slightly more. It seems that it will 
be possible to make metal wings of the same weight 
and strength as wood. The English have been doing con- 
siderable work along that line. Apparently they get re- 
sults which show that the metal will weigh less than the 
wood. 


QUESTION :—What has been the main cause of failure 
of metal propellers? 

Mr. DouGLas:—I think the main cause is that many 
of those which have been built have been freaks. I 
think it is quite possible to make a steel propeller. The 
Westinghouse people have spent considerable money in 


making Bakelite propellers. They have stood up well 
and make a very good job. 
QUESTION :—Are they reinforced? 
Mr. DouGLAs:—Yes. They are heavier but do stand 
the weather. There is no shrinkage or anything of that 
sort. 


QUESTION :—I understand that some aerial torpedos 
have been developed. 


Mr. DouGLAs:—I believe Henry Ford brought out one 
which was successful and Mr. Ketterfng has done some 
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experimental work on the same problem at Dayton. I 
believe they have not finished this work. The Ford 
torpedo, I understood, flew successfully and was con- 
trolled from the ground. They sent it on a long flight and 
it showed great accuracy in maintaining its course. It is 
controlled by a predetermined setting or wires. 

H. H. Newsom :—In 1906 I was in one of the large 
opera houses in London and an inventor had a little 
model there that had six engines on it; two pointed up, 
two down, one forward and one backward. With wire- 
less he sent this model, probably 4 or 5 ft. across, up 
around the balcony, made it loop the loop and do all sorts 
of stunts, and several times when it was out over the 








audience he sprung the trap door from the stage and 
dropped paper bombs. 

QUESTION :—How does the speed change with the alti- 
tude? 

Mr. DouGLAs:—It drops as you get up. I think there 
was not much change near the ground—75 m.p.h. at 7000 
ft. and 70 m.p.h. at 14,000 ft. 

QUESTION :—What is the average life of an engine? 

Mr. DouGLAS:—We do not usually run an engine more 
than 100 hr. without rebuilding, although some have gone 
120 hr. We have no really good data on that; 100 hr. 
seems to be about what can be expected without an over- 
haul to be sure of the engine standing up. 
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AIL sent to the members listed below at the addresses 
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will confer a favor upon the Society by communicating with 
the Secretary at the New York office. 
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The Labor Problem 





By Harry Tiprer'’ (Member) 


E are almost overwhelmed in industry to-day by 

W the speed with which the labor problem has 

come upon us. We hardly know why we 
should so rapidly have passed from a state of apparent 
unity into a state of such disorder. We cannot see 
what is back of these very imperative demands of the 
labor leader or what is back of the political strife within 
the labor organization itself and we are unable to visual- 
ize the difficulties that industrial owners and managers 
are having in retaining even a tithe of the incentive or 
a tithe of the interest that formerly we supposed we 
had from our workers. 

We have to go back a little to get at the beginning ot 
the picture. About two centuries ago the socialistic 
idea of political government was born in somewhat 
indefinite shape in France. It crossed to England early 
in the nineteenth century and became very strongly 
embedded in the political creed of a large part of the 
population there. It transferred itself to Germany and 
reached Russia, changing its conditions with the char- 
acter of the country it entered. A little more than a 
century ago the economic idea of trade unionism was 
born in the north of England, on the borders of Scot- 
land. It carried itself all through the industrial popu- 
lation of Great Britain, into France, into Germany, te 
a very small degree into Russia, and was transferred to 
the United States, each time changing its complexion 
because of the character of the population. 

The socialistic idea is the only political program which 
has developed without any serious change and which has 
grown and defined itself. I want to impress this upon 
you because the things that we are seeing today are 
the results of that constant organized development which 
has taken place only with those two general creeds. 

For 75 or 80 years the trade unionism idea has been 
very virile. It is the only economic program which has con- 
sistently developed along orderly lines from the germ 
to the full-fledged idea of today without any particular 
change. This latter idea developed coincidentally with 
the factory system. It is not that labor troubles began 
then, but the trade union idea as a collective body of 
labor organized for its own protection began during the 
early part of the nineteenth century and its development to 
the point of a strike practically coincided with the trans- 
fer of the mill from hand labor to the use of steam. 
To the workers, the trade union represented protection 
in the way of friendly benefit among themselves, mutual 
advantage, mutual insurance, mutual death benefits and 
protection against the employer. I want to emphasize 
the word “against,” because this is warfare we are 
talking about and always has been. 


Tue REASON FOR THE TRADE UNION 


The trade union had ample reason for its existence. 
The history of manufacturing in Great Britain from the 
beginning of the nineteenth century to 1865, and in this 
country from the Civil War, for 20 years, is not a his- 
tory of which any present-day owner or manager of an in- 
dustry could be proud. In fact, the early history of 
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Great Britain is an appalling record of extreme exploita- 
tion economically, just as extreme in its exploitation as 
any despot ever was politically. This is what sowed the 
seeds of suspicion and consolidated the creed of action 
that we are finding today in our industrial life. The 
disease is an old one. It has been working consistently 
and regularly and has been developing for nearly a cen- 
tury. It is not possible that we can, without study, 
cure it or find a solution. We must charge ourselves as 
industrial leaders, industrial managers and professional 
men with a great defect. We have not studied it. In 
the course of a search through the bibliography of pro- 
duction, of scientific management, of motion study and 
all such books, I have failed to find any volume which 
discusses the human side rationally or as anything but 
that which is secondary to the equipment. It is true 
that in individual cases here and there, in England, in 
this country and in the other industrial countries, the 
practice of a single manufacturer appears to have devel- 
oped an orderly human organization; from a moral 
obligation, as in the case of Cadbury, Ltd., in Great 
Britain, or perhaps from a keener and more farsighted 
policy in a business sense, as in the case of Filene 
in the United States. We have in both countries per- 
haps 100 individual instances of manufacturers who 
have studied the human side in relation to their own 
factories. The present conditions are the logical out- 
come of the history of the case. We have not provided 
the worker with any other picture of industry than 
the one he has secured through his union organization. 
In fact, we have constantly deprived him of much that 
he had had in his work before industry became a manu- 
facturing system. 

When I was a boy in England I had the privilege of 
seeing hand labor pass away in the town where I was 
brought up. The hand cabinet maker had a big job 
because he did everything from choosing the wood to the 
final assembly of the work. We have gradually shrunk 
that man’s job to almost nothing in 100 years, and we 
have not provided him with any other important mental 
or intellectual stimulus of a controlled or educative char- 
acter. Our educational system provides no education in 
industry, industrial necessities or development; our 
teachers are not provided with any information concern- 
ing it; our business men take no interest in it. As a 
rule our colleges are not practical. They are without 
any intimate knowledge of the history, growth, character 
or efficiencies of the present industrial organization. 
Thus, in the ranks of the workers we have had on the 
one side the steady, persistent promulgation and develop- 
ment of the trade union and socialistic theories, while 
on the other there has been no education as to the char- 
acter and necessities of present industrial and political 
organization to offset this, or at least none worth men- 
tioning. 

In this country the conditions are serious because our 
population is not homogeneous. In Great Britain they 
can do things that we cannot, because while they are 
sharply divided as to their political ideas, nevertheless 
they are a homogeneous people and there is a certain 
traditional background of political understanding and 
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development that, for the moment, serves to erect a com- 
mon basis from which the discussion can start. But we 
do not have this. We have millions of people whose his- 
tory is one of fighting authority, who have never known 
authority except as an oppressive instrument and whose 
whole tradition for centuries has been that the only 
way to.establish liberty is to fight for it. These peo- 
ple we have not educated to any other kind ef authority, 
and yet we are amazed at what they do against authority 
at the present time. 

I have a friend who is a Pole; he is a very great 
thinker. I made that remark to him the other day 
and he said, “You are right, Tipper. I have to remember 
that it is wise to compromise. My instinct is to fight 
because my forefathers have been fighting for generations 
and generations back.” I know a labor leader in New 
York, a Russian from the borders of Poland, who told 
me that at six years of age he was sent out to watch so 
that he could notify his father and father’s friends, who 
were in rebellion, when the authorities were coming. 
Such people have no idea of authority, discipline or liberty 
as we know it under a well-ordered government, and we 
are at present without any means of educating them. 
We have not studied, considered or thought of the sub- 
ject. We must frankly admit that while labor was rea- 
sonable in price or plentiful, we did not care much where 
it came from or what happened to it. 

This is the background against which we must consider 
the industrial organization of today. It must be con- 
cluded that an industrial organization is not efficient 
which will neglect the most important factor for pro- 
duction. The management must realize that orderly 
labor, whether brain or handwork, has the only real value, 
and that wealth is nothing but the surplus of past labor, 
at present invested in future production. 

What is this change that has transpired? We know 
that years ago labor had an interest in its work, no 
matter what the work was. We know that human 
beings have a natural incentive for occupation. We 
know that it ought to be possible to cooperate decently to 
produce something, and that there must be fundamentals 
of organization which can be applied to these cases. It 
is apparent that the unions are not effective, nor are the 
manufacturers’ groups any more so. Today the unions 
are losing their discipline because of their great size and 
power. So long as they were not powerful and were 
fighting against a larger power, they maintained dis- 
cipline within their own ranks, but when they ceased to 
be the smaller and became the larger power the division 
in their own ranks appeared on the surface and their 
unity was shattered. This must always be true where an 
organization is built from a sense of demand and not 
from a sense of obligation, no matter whether concern- 
ing an employer group or a union. 

In the course of the last five years I have checked up 
the action of both sides in nearly 3000 strikes in Great 
Britain and this country, for I have no brief for one 
side or the other; they are equally unjust, in my opinion. 
I have seen very few instances where the union would 
not break its contract if the advantage was sufficient, 
and I have seen just as few instances where the individual 
manufacturer would not similarly break away from his 
group. In fact, the great fear of any manufacturers’ 
group when combined is that some firm will weaken, and 
the great fear of the labor union is that individuals will 
weaken. No national or international collective body 
can heal the industrial unit which is split up by opposing 
ideas when the only possible solution comes from a co- 
operative effort to produce the same thing. How, then, 





are we going to attack the problem? There is no present 
solution. This is true because the disease is too old 
and too deep-seated, but there are present possibilities 
of an improvement which will afford a basis for future 
solution. There is no question that men once affected 
with an idea until it begins to operate may move to their 
own destruction in spite of everything. This they have 
done time and time again in the history of the world, 
and we must improve the situation if we are going to 
avoid disorder and destruction in the course of this move- 
ment. 

In this connection I want first to examine the indus- 
trial organization in two ways, one of which is the way 
mentioned in my paper; but before doing so I want to 
point out the functions of organization. In every human 
group organization there are two functions, the function 
of doing things and the function of agreeing upon the 
rules under which they shall be done. The first is the 
operating or executive function, and the second is the 
legislative and judicial function. In small organizations 
both of these functions can be operated by the same ma 
chinery of organization because the discussion does not 
need to be formal; it occurs continually in an informal 
way, the agreement is reached by such discussion, and the 
operation continues by the loyalty which is exercised 
through that same means. In regard to the operating or 
executive functions, great power lodged in an executive 
and prompt obedience to such power by subordinates are 
required. An executive must decide thoroughly and ex- 
ecute rapidly and continuously, which means one-man 
power, and there must be ready obedience to such power 
to get the execution in force and finish the operation. 
Legislative work does not require immediate operation; 
it requires rather full, free and frank discussion and a 
complete agreement, for, unless the rules under which 
men shall work are agreed upon, the work itself will suffer 
by this lack of agreement, and at some point the lack of 
agreement will divide the organization. 

Because industry is a magnificent organization, it has 
survived many of its failures, but the reason for the 
trade union, and the manufacturers’ group has to oppose 
that trade union, is because the individual organization 
offers no legislative possibilities and cannot provide any 
agreement with its workers. It can only promulgate to 
them, it cannot agree with them. With ar organization 
of 10,000 men working in the same factory and spending 
the major portion of their waking hours there, with their 
individual likes and dislikes and disagreements, a legisla- 
tive requirement almost as big as that of a city is created. 
Immense numbers of people are employed outside to 
legislate for these workers during their relaxation and 
entertainment hours; but there is no machinery to legis- 
late for them in the real meaning and purpose of their 
lives. It is because of this that the union has grown to 
be a very inefficient and clumsy weapon, a substitute for 
a united industrial organization for fulfilling both func- 
tions in order and as they should be fulfilled. 

AN INCENTIVE NECESSARY FOR PRODUCTION 

Secondly, every piece of work must carry its incentive 
within itself, and this incentive must be continually a 
somewhat larger mental necessity. I defy any man to 
stick continually to a piece of work that has no mental 
stretch in it, that does not offer some necessity for move- 
ment in the intellect, without either going crazy or be- 
coming a Bolshevik. Yet we have continued for years, 
for a whole century, in fact. to decrease gradually the 
dimensions of a man’s job. While we have increased his 
conveniences, his possibilities of ambition and his desires, 
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we have decreased his job because in the old days when 
a man had a trade he had it and not an infinitesimal por- 
tion of it. He had to study his trade and did not become 
a routine machine tender with four motions to make 500 
times daily. 

I went into a leading electrical equipment factory a 
while ago. I was standing by a white-haired man. His 
age rather interested me. He was punching plates, just 
pushing them into the machine and punching them. | 
asked, “What is that plate?” He replied, “That is 
P-X-111.” I said, “You do not understand me. I asked, 
‘What is the plate?’” He said, “I have just told you.” 
“My question was wrong, then,” I continued. “What do 
they use it for?” He answered, “I do not know.” I 
said, “How long have you been here?” He replied, 
“Twelve years.” 

Now, nobody can tell me that this man’s incentive 
could possibly be in that job at the end of 12 years. 
Nor can anybody tell me that it was other than mentally 
demoralizing, because it was restricting the mentality. 
No man ever thinks very much unless he has to in his 
daily occupation, because the habit of thinking is a hard 
one to acquire, and this man was not developing. Yet 
this man had the vote and the political power to overturn 
the government tomorrow, and we have pushed his job 
down to such dimensions that he has no incentive for real 
thought. 

I do not believe it is possible to get production under 
such conditions. Why was it that during the war we 
got such wonderful changes in production? We did not 
change the machinery very much. I did not hear that 
such a very large number of inventions on machinery 
came out during the war, or that they so changed the 
operations of industry. But here is a case in England, 
mentioned by Lord Leverhulme, of five units making 3000 
pieces each day. They had to move the plant. They 
inaugurated a teamwork campaign with competition be- 
tween the teams and gave such extra incentive in the 
way of money reward for that teamwork as it deserved. 
Then they added the patriotic incentive, and where a 
total of 15,000 pieces were made with five units, by mov- 
ing over one unit the four remaining units still made 
that number. Next, by moving over one more unit the 
three units still made 15,000 pieces. Finally they were 
able to maintain production with only two units. 

In this country, the incentive provided during the 
war by patriotic work and by extra monetary rewards 
increased with the same organization in a number of 
well-authenticated cases from 50, 75, 150 and even 200 
per cent. An incentive to work is a production question. 
How shall we provide it? We must do this to secure 
efficiency. In the printers’ strike in New York City we 
could have afforded to pay those men all they were asking 
and grant them shorter hours if we could have provided 
that production incentive, but failing in this we could not 
afford it, because we could not transfer the increased cost. 
That incentive is the principal necessity of production. 
Production is not a matter of machinery. It is about 
time that we abandoned this idea. Throw away the old 
bibliography that begins and ends with machinery. Pro- 
duction is a matter of humanity and of human under- 
standing, with machinery fitted to human beings and not 
with human beings changed into machines. 


SHIFTING MEN TO INCREASE PRODUCTION 


I have an interesting case indicating that the day of 
courageous experimenters has not yet gone. I suggested 
to a friend of mine recently in connection with this 
one-man, one-job proposition the idea of incentive and 
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what could be done to capture it. I said that it is partly 
a matter of organization, of giving the man a chance 
for expression, partly a matter of partnership and partly 
a matter of the work. I said that I did not believe that 
25 years hence we will consider this one-man, one-job 
proposition a scientific proposition at all. It may take 
50 years, but we are going to get at it seriously and 
experiment with it and demand a change. Three or four 
weeks afterward he said to me, “I have been thinking 
about that matter and I had a very interesting illustra- 
tion. We have in our mills a job of grinding chemicals 
on the pulverizing mill and the man has to change the 
pressure according to the sound of the mills. At one of 
our mills we had a man who was particularly sensitive 
to sound and who did this fairly well. We had no trouble 
for three years. One day I heard that the mill was out 
of business and that we would not get any more ship- 
ments from it for a year. I went out to see the man who 
was operating the mill. I had made up my mind that I 
could not stand that job myself, and I thought that the 
man was in the same box. I talked with him when I 
arrived and when at the point where I thought we under- 
stood each other I said, ““Tom, why did you smash that 
mill?” He looked at me and seemed to wonder whether 
he ought to say anything or not, and then said, “I was 
not feeling good that morning, and I wanted the noise 
to stop.” “Well,” I said, “that’s all right, Tom; I guess 
I agree with you; I would grow tired of it, too, once in 
a while, but I have arranged that you will take Bill over 
here from the packing room and train him to do your 
work just as well as you can, and you are going to 
take half time here and half in the packing room. The 
packing room is nice and clean, there is no noise in there, 
and any time in the morning that you do not feel like 
staying at the mill because you do not like the noise you 
go out into the packing room and let Bill come in here.” 
The final result was that my friend said to me subse- 
quently, “I have taken on about five other departments 
and switched them around. I have the men in the pack- 
ing room doing all of the six different jobs there. I 
rotate them around the whole six, and we are getting 25 


per cent more work. I suppose that I will not notice the 
real effect for a year or two yet.” 


RESULTS OBTAINED IN ENGLAND 

Such may not be the solution, but it suggests some- 
thing. Mr. Beecroft told me that one man who began 
that method in one or two departments of an engine 
factory in Great Britain started a man to grinding crank- 
shafts and fitting them to bearings. Next he had the 
same man make the bearings. He said their accuracy 
and speed were better, and the men were more contented. 
I do not know, but it seems to me very human that they 
should be. 

Everything that the psychologists and the medical men 
say to us is absolutely against the extreme concentration 
of mental and physical activity upon a few motions. 
When training workers in the textile factories where 
women were working under the most cruel operating 
conditions, I have seen girls become hysterical and have 
to be taken out within the first six days of their training. 
who absolutely became sick on account of the very high 
tension caused by that constant necessity for repetition 
at a single given second. You know how they must relax 
to escape from it when they get out, and the intensity 
of their emotional relaxation outside is the necessary 
protection provided by nature to get them away from 
that intensity of concentration in their work. I believe 
this is not good production. I am sure it is not good 
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human production, and I believe it is making a race of 
men who are not capable politically of self-discipline, 
self-government and real sound judgment. 


NEED FOR PUBLICITY AND EDUCATION 


Education is another point, publicity education. Busi- 
ness has been too secret. It was nobody’s business what 
a manufacturer did or what he made or how he made it. 
Least of all was it the employes’ business to know this, 
and yet the manufacturer now complains that the em- 
ploye does not understand. Well, how in the world could 
he? Where can he get understanding? There is in the 
United States no school, no public school where he can 
get it, because nobody in industry has supported the 
schools. They do not know anything about it. 

A manufacturer in a small town where he has been 
a power for 30 years was giving me his opinion of the 
character of the workmen he is now getting. I asked, 
“What is the public school system in your town?” He 
said, “I do not know.” “Well,” I continued, “what is the 
curriculum?” He answered, “I have never thought about 
it.” “Do you know any one on the school board?” “No; 
I did know one of the police, a friend of mine, but 
most of them are politicians and I do not know anything 
about them.” I said, “Did you ever run a night school 
in your place?” “No,” he replied, “I thought about that 
this last year or two but I did not do it.” I said, “Where 
can your fellows get the information? You never pub- 
lish any statements about it. You never take the time 
to tell them about it, and they do not know whether 
your overhead is camouflaged or whether it means ex- 
pense. They do not know what your stock is. They do 
not know whether you have printed pieces of paper and 
sell them for money or have an obligation on it. They 
do not know, and they have been born and brought up, 
from the time that they have been youngsters, with the 
tradition of the trade union idea which telis them that 
the manufacturer is logically and seriously unjust, and 
that they cannot trust him. There is just enough of 
record in the history of the thing so that they have the 
chapter and verse to continually remind them about it, 
and you have never done anything serious to combat 
this. It is true that you have established a few hos- 
pitals which the labor leader said came out of what 
ought to be wages. It is true that you have established 
a few playgrounds and activities of that kind, with the 
same comment from the labor union, and it is true that 
there have been established occasional night schools to 
train employes better for their work, but it is not true 
that attention has been paid to the manufacturers’ neces- 
sity that the workers should know. They should know 
because they are in the majority and have the majority 
vote. Unless we are to have a government by the unin- 
telligent and ignorant, which is the worst and most 
unjust government that could possibly threaten anybody, 
we must increase the intelligence, judgment and capacity 
of the skilled men who are working with their hands and 
the brain-workers, so that we can get a more coordinate 
understanding of the industrial problem. 

There is not any question in my mind that production 
as a science is just beginning. We must gather together 
in industry; we must listen to what the medical men 
have said, and they have said some very pertinent things 
on the character of fatigue, on muscular movement, on 
the fatigue effect of continued rapid muscular movement, 
and on the mental system and its necessities. And we 
must think about the psychology of the problems because 
our production depends not upon the amount of brawn a 
man has or the capacity of a machine, but on the thinking 
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that the man does in connection with his machine and his 
work. Our present and future problem is a human prob- 
lem, the governing factor of production. You know 
enough about equations to realize that when the govern- 
ing factor is left out the remainder of an equation might 
just as well be thrown away. 

THe Discussion 

W. M. NEWKIRK:—I have attempted at times to get 
our superintendent to try shifting the men around, and 
I always met with the objection that they cannot get 
started at it, that they lose a part of their pay for two 
or three days or even for a few weeks before they get 
used to it, and they always fight the initial move. I know 
it to be a good thing if you can once get it started. I 
wonder if you can give us any pointers as to how to 
lubricate the start. 

Mr. TIPPER:—That is always the difficulty with new 
things. The inertia which has to be overcome is the 
hardest thing. The average man will not accept respon- 
sibility and we have to start it. Only a few experiments 
have been made in this direction; the lack of experiments 
in this direction is almost amazing, but in one or two 
cases it has been started by taking a particular problem 
that developed itself and operating on that problem. It 
obviously takes about fifty times the analysis to route 
men properly as it does to keep them still. It is com- 
paratively a very easy thing to put a gang of machines 
together and then fit a gang of men to those machines, 
but to take a number of men and fit the machinery opera- 
tion to them is an entirely different story, and I do not 
wonder that the men balk at it. If we have not studied 
human nature very particularly, except as every man 
knows it, of course, this is a hard job. It takes far more 
analysis and keener judgment. To avoid confusion and 
get the results of related work is a very difficult job. I do 
not think as much rotation is needed as would seem 
to be necessary to the man who has not studied it. Just 
take two or three matters which are closely related, that 
will provide variety of muscular and mental activity and 
utilize the results of previous work in its relation to the 
other work that a man gets. If a man can just see the 
results of his work he has gone quite a distance. The 
reason it was wise to put the man who had been grinding 
crankshafts at work on the bearings of the engine is 
because the results of his grinding came right out when 
he fitted them up. These results also fitted right back 
into his previous work, and with the three jobs it gave 
him more than nine times his former horizon and three 
times the change in his position, his mentality and his 
physical concentration. 

But you will have a hard time in trying to put this 
over with anybody. A man will transfer his responsibility 
of thinking if he gets a chance. 

It is the inertia against experimenting that is the hard 
job. None of these things is half as hard when you get 
down to it as appears on the surface. You look at the 
whole shop and say, “I cannot do that!” when if you 
would take two or three men that are a problem, work 
it out with them and get their help you would probably 
hit upon the practical scheme. I have no faith in this 
large national conclusion. It never got anywhere or 
never did anything in human affairs, and that is the 
reason why I have no faith in the industrial conference 
at Washington or the international labor conference. 
You cannot settle things for 1,000,000 people by one 
conference. You have to settle it with a few people 
here and there, and when you have a fair proportion 
of those problems solved your big questions are auto- 
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matically settled. If you start with one thing in a par- 
ticular corner of the shop and settle it, by continuing 
this you have the shop running smoothly on a different 
plan before you know it. That is the only way that I 
can see to get it done. 

C. A. MUSSELMAN :—Have you been up against this 
problem? You know that in the printing business there 
are a number of unions, including those in the composing 
room, bindery and press room. We have attempted some 
shifts but the unions object. 

Mr. TIPPER:—That is to be expected. The only point 
there is this, how well off are we at present? We are 
trying to evade an issue, because we do not know whether 
the frying pan is a little cooler than the fire. We are 
in the frying pan and have been in it for a number of 
years and the fire gets a little hotter right along. The 
question is, are we going to jump out into the fire or on 
the grate. We are afraid to try, we have temporized and 
temporized with this question and we have waited right 
along and never done anything about it. 

The unions do not want a solution because they are 
not nearly so much interested in solving the problem as 
in maintaining the strength of their rights; neither is 
the manufacturers’ group. I will guarantee that any 
salaried official would hate to see a solution of the labor 
union that did not come through his association. He 
is behind it in the virility and capacity of that group 
and cannot think of any solution outside of that and 
he is against anything that tends or appears to break 
up that organization. But how are we off today? The 
leader says, “Don’t do it,’ and the men do it, at least 
a sufficient number to embarrass us. In the printers’ 
strike in New York City we are in the position of the 
innocent bystander who got into the trouble. We have 
nothing to do with the case. Certain unions have re- 
fused to do what the central union has requested them 
to do. The same thing is true in Great Britain. I am 
watching these cases by reading the London papers every 
week. There is a standing agreement which the iron 
founders’ unions and the manufacturers have had for a 
board of arbitration for 20 years, but three units 
decided to strike in the face of it. The longshoremen 
struck without their leaders. Fully 59 out of 60 strikes 
that occur at present are unauthorized and mostly 
unapproved. What is the use of considering the 
opinion of a union that cannot discipline itself? The 
only unit is the factory that the men are working in. 
You cannot split it and heal it by a national or inter- 
national agreement. It cannot be done. You have tu 
start the experiment in your own shop and take the 
troubles as they come, just as you have taken the present 
troubles as they came. 

It is over two years since the I. W. W. started work 
at Toledo very strongly. Their organization there is 
almost as large as at Detroit. The strike at the Over- 
land plant at Toledo had been due for six months. It 
was authorized six months before it touched Toledo. 
There was nothing which the Overland people could do 
to prevent that strike. The organization of that strike 
antedated the company profit-sharing by a great many 
months. That strike, like the organization of the steel 
strike, was going on for 6 or 8 months and some of it 
was 15 months in organizing. 

It may be interesting for you to know that the radi- 
cals of all the Russian and Soviet societies in New York 
and the I. W. W. have 2500 paid lecturers today in the 
United States of every race that is important industrially 
as workers, and that they have 40,000 active workers in 
the city of New York, and they have closely organized 





and intertwined headquarters in every industrial city. 
If you are known at Fifteenth Street in New York City, 
you can get all the material to strike in any industrial 
city in the United States within a week after they have 
passed upon all the credentials. 

I should like to add just one point to that while I think 
about it. I made the point in my speech, and I am afraid 
it has been overlooked, that you did not get the signifi- 
cance of it, the traditions of these people. You know 
yourself how strong your traditions are, how much 
stronger they are than your recent reasoning, that on 
the very slightest occasion your tradition governs your 
sentiments, your reasoning goes by the board. There are 
millions of people in the United States who have no tra- 
ditions except that authority is something to be fought, 
and they are fighting that authority here just as they 
fought it at home, where they had good reason for that 
fighting. They have been fighting for centuries in one 
way or another the authorities who have been forced upon 
them. You cannot destroy that condition; you must expect 
it to operate in all the councils of labor in this country, 
with little attempt at Americanization and with a back- 
ground which is so strong. I have just told you that in 
every race there are lecturers constantly inflaming that 
sentiment as a part of their present program. I have seen 
them inflame the racial sentiment with things that hap- 
pened a long time ago. 

RUSSELL HooPpEs:—This subject has been very inter- 
esting. We are a small organization and keep very 
closely in touch with our men. Whenever troubles come 
up we try to solve them then and there. We try to do 
just as Mr. Tipper has said, get into human touch with 
them, but believe we have failed to a very large extent. 
I have recently read a book with which probably most of 
you are more familiar than I, “Man to Man,” by John 
Leitch. It probably throws more light on what Mr. 
Tipper has been telling us than anything which ! have 
picked up lately. Does it not shed considerable light on 
these problems? 

Mr. TIPPER:—Yes, John Leitch has done much valu- 
able work. He has operated what perhaps is, up to the 
present, the most successful of the four different systems 
of providing legislative machinery in your own organiza- 
tion. There are four systems, the House and Senate 
plan that is John Leitch’s, operated after the politi- 
cal plan of the United States, which makes it simple and 
easily understood; the joint council plan which was 
promulgated by John D. Rockefeller but which was in 
use in an indefinite way previous to that time; the joint 
committee plan which is a rather different plan from 
the joint council, and then the union plan which is the 
importation of the Whitley idea from Great Britain. 

Mr. Leitch’s plan is very successful. He is very sin- 
cere and thorough, wise enough not to take on more 
than he can do, and wise enough to see, and to oblige 
the manufacturer and the workers to see, that this can 
only be done because of an element of confidence and 
trust and that it will take some years to work it out. 
It is worth looking into. His book is good. It is one of 
the things which offers a possible and a probable basis 
for a solution of our troubles, at least a marked improve- 
ment in the labor situation, if we can take hold of it 
wisely, patiently and with a full understanding that we 
are not giving the benefactions but are actually trustees 
in the case; and provided—and I want to make this pro- 
viso because I have run up against it so much—pro- 
vided it is properly promoted and understood when put 
into operation. 

One of the largest companies in this country put in 
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such a plan. It spent nine months looking over these 
plans and deciding which it wanted before putting it into 
the shop, and then it put in the plan. It promoted the 
plan in an organization of over 20,000 employes, includ- 
ing about 15 races, with one notice in the different 
languages that looked as much like a summons to a 
police court as anything I have ever seen, and one book- 
let which began, “Nothing hereinafter provided abro- 
gates the right of the company to discharge a man,” and 
so on. The benefits were in the back of the book. It 
put the whole plan over in that promotion and it has, of 
course, had trouble as a result. There was no com- 
mon basis of understanding, and if you pitch a lot of 
men into an organziation for which they have not been 
prepared you are going to have extreme demands, con- 
fusion and discussion and get nowhere and do nothing 
for a long time, You can avoid that if the thing is prop- 
erly prepared and understood. On the other hand a 
company that I know spent two years with a plan some- 
what similar to this of John Leitch. Its promotion was 
very effective because time and energy and brains were 
spent in preparing the plan. 

Mr. MUSSELMAN :—I should like to know if Mr. Tip- 
per’s investigation and experience have taught him that 
when the factories attempt to better the condition of the 
men it results in the focussing of the unions upon their 
efforts, bringing disaster rather than benefit. 

Mr. TipPpER:—There is no question that from time to 
time a change in the organization of a manufacturer’s 
plant to furnish a better means of providing an organiza- 
tion has brought the unions down on it, but I want to 
point out the fact which still remains that there are 
plants in this country that have not had a strike in 10 
or 20 years, not because of special machinery, but be- 
cause of the character of the human contact within the 
plant. Plants which have been using some special or- 
ganization for eight years have never had a strike, and 
others which started the organization not long before 
the war did not have a single strike in the whole war. 
The allegiance which you can create in a plant for the 
employer is stronger than any other allegiance, if you 
can get it, and you can stand any other disaster if you 
can get that. If you cannot get that, all other disasters 
are going to overtake you anyway, because after all 
what the workman wants is not the affair of his class 
in Chicago when he is a New York man. It is the settle- 
ment of his own individual and collective problems in 
his own establishment, his own kind of work, that he 
desires. It is true that there are a certain number of 
floaters, but in most establishments these become settled 
or solidified. 

There is no more radical bunch than the members of 
the needle trade in the United States. They are very 
largely Eastern Europeans, but include a large number 
of Russians. In New York City they are the center of 
the radical societies. There is a large company in Cleve- 
land that had the John Leitch plan in operation four 
years ago. It has this same class of labor very largely, 
which is the poorest one to do anything with, since it 
has a naturally rebellious background of fighting author- 
ity. During the war there was a strike in needle 
trade at Cleveland. The committee of workers in the 
plant to which I refer wired Washington to leave them 
out of consideration altogether; they were not on strike, 
were quite satisfied and did not want to be included in 
any way. They wired twice, and then some of them were 
called in as witnesses before the War Labor Board. 
Then they sent a committee down to Washington to see 
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the Secretary of Labor, to make sure that they would 
not be included in the decision which meant an increase 
of wages in the general trade. 

Mr. Hoopes:—This is a very interesting question 
and in my own experience I have perhaps come as closely 
in contact with employes as anyone here. Hoopes Bros. 
& Darlington has been in business for over 50 years. 
The older generation, of which we have one still living, 
is active at 85 years of age. There has been a close 
contact all the time with the employes, and I can truth- 
fully say that we have never had a general strike in the 
whole organization. We have had a strike in one or two 
departments that lasted probably a few hours, but as 
for a general strike or being out even half a day we have 
never known what it is. I attribute this largely to the 
personal touch we have had with our employes. I ought 
to qualify that by saying that the plant is located in a 
rural community of good old stock. We do not have 
to bother about foreign workers and we get a good class 
of labor. Both those things have produced good results. 

G. WALKER GILMER, JR.:—What Mr. Tipper has said 
is bound to be of interest to everyone employing labor. 
[ am a laborer myself because my firm employs me to 
labor. We have troubles which have never gone far 
enough to get into the strike stage, but we realize that 
we have not the efficiency which we had several years 
ago, and should have today. Just how we can get that 
interest of the employe is a question that is naturally 
concerning us, and we have from time to time discussed 
it. We have our foremen’s meetings regularly to discuss 
just such questions and how they are going to be solved. 
Mr. Tipper says it is now a question of warfare. I do 
not believe that is right, and it is not exactly a period 
of unrest. It is rather one of misunderstanding. A few 
years ago the manufacturers did not understand each 
other; consequently each thought when the other fellow 
was going after his business pretty hard he was going 
to cut his throat. They got together and began to be- 
lieve that each man is honest, and we are, and so is the 
laborer, I believe. Generally speaking I believe that the 
laborer is opposed to striking. The difficulty is that he 
has been listening to propaganda carrying out the old 
belief with which a great many of them came to this 
country feeling that it was up to them to fight some- 
body and they did not have anybody to fight but the em- 
ployer, and they are doing that. They are not fighting 
altogether in an organized manner at the present time, 
which shows that there is a lack of understanding even 
in the union. There is really only one remedy that I 
know of and that is the counter propaganda of education. 
A great many firms are working on it at the present 
time. It is not new. It will take years for it to amount 
to anything, but I believe that we will get results. There 
is no disease that is widespread which has ever been 
cured in a short time. We have just learned that the 
Surgeon General of the Army has cured yellow fever. 
He has been working on it 1897 or 1898. He 
started in Cuba, I think. Possibly he has cured it. We 
can cure the misunderstanding which exists in labor 
today if we can understand labor and make labor under- 
stand us. 


since 


I believe that it is possible by changing the men around 
from one position to another to educate them and in- 
terest them by the use of publicity or rather pamphlets 
and possibly pictures, showing the connection of their 
work with the work of the various departments and also 
with industry in general, showing the connection be- 
tween my plant and some other man’s plant. There is 
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much that can be done, but it has to be worked out 
slowly. 

Mr. TIPPER:—lI just want to add one more point in 
conclusion, a thing brought up a little inferentially. Of 
course it is a misunderstanding, but that misunderstand- 
ing is war. Manufacturers said competition was cut- 
throat when it was not organized by friendliness, and 
there is no organization by friendliness between labor 
and capital today. Both sides are more concerned with 
strengthening their outposts than finding a_ solution, 
and that is the reason why, when they went down to 
Washington, they adopted the group vote in conference. 
They could not conciliate. Gompers could not conciliate 
because he had to strengthen his organization. That is 
a type of war; it may be the forerunner of a more seri- 
ous type of war if it is not understood and measures 
taken to spread the understanding. That is what we 
have to do, and everything that I have said tonight has 
really been in a measure the spreading of understand- 
ing. We cannot do much spreading unless we under- 
stand something ourselves, and I want to recommend as 
my last thought that you take notice of the statement of 
a friend of mine who said. “There are a number of 
people who study but who do not think.” That is the 
reason we accept the traditions of the past and study 
without questioning, because we take the textbook “as is” 
without thinking whether we agree with it or not. We 
want study on this, yes, but we want understanding 
which is the motive of study. If we get understanding 
we will move, but if we merely study and do not get 
understanding we will not move. 

M. C. DITTMANN:—How can we expect the operator 
of a machine to see the possibility of his becoming read- 
ily proficient in handling a different type machine from 
the one he has been accustomed to handle for a long 
time, when we employers, who are supposed to have a 
much broader vision than the operator, have difficulty 
in reconciling the possibility of a man who has become 
trained in the operation of a certain type of machine 
being able to switch over to a somewhat different type of 
machine? I should think this would be particularly 
difficult if the operator was working on a bonus system 
of reward, whereby he was paid so much for each piece 
and on his regular’ machine was making a certain 
amount above his minimum wage. Would he not con- 
sider that if he was shifted over to another type of ma- 
chine his wages would fall off, due to his inability to 
produce, for the time being, at the same rate as was 
possible on his regular machine? On the other hand, 
if in offering an incentive to him to change over to the 
other type of machine, we gave him the same average 
wage that he had been earning on his regular machine, 
how are we going to offer him the incentive to reach the 
point of efficiency, or better, on the new type that he had 
reached on his regular machine? When we carry him 
along at his average previous earnings he merely has 
to run along without exerting any particular effort, for 
he is guaranteed his previous average wage and why 
should he exert himself to produce more work when he 
is getting paid what he previously earned? 

Mr. TIPPER:—That is a very acute and practical ques- 
tion, and it can be answered in two ways: First, it is 
not likely that in 100 per cent of the cases, it will be neces- 
Sary to change a man’s job immediately. Nevertheless, 
that is not the answer to the question. The formal 
method of doing a thing, the decision of a plan, is usually 
the poorest method of starting it with human beings. 
It is like saying to a man, “I am going to shift your job 


today and next week I am going to talk it over with 
you.” I have got to sell him that shift. If I say to 
him, “Bill, you are a good man. I think you have a little 
more capacity than just this job, and I have a little 
problem here. I wish you would shift yourself over to 
this particular proposition and see if you cannot 
straighten it out for me,” I can capture his interest and 
get him working on the job. He does not know that there 
is any shift. He is merely helping me out. If it is valu- 
able for him to change his job, it demonstrates itself to 
him and to me without any formal demand that he re- 
move himself from this plant and go over there. There 
is a tremendous amount of inertia to overcome. We 
do not like to move until we reach a certain stage of 
responsibility. After that we move automatically, be- 
-ause that responsibility has bred the habit of movement 
in us, but before that we have great inertia; and, as 
your intellectual capacity decreases or the necessity for 
it decreases, your desire for movement decreases. When 
you do not use the muscles they become so weak that 
you cannot use them after a while. The same is true of 
your mentality. It is painful to bring it back into actual 
existence and usefulness, just as in the case of a sleeping 
limb it is painful to bring it back into usefulness. Some 
of the pain is going to occur, and I do not believe that 
in every case it will be possible to change the whole 
proposition, or any single job, as a formality; but I be- 
lieve that you can find out much and discover the changes 
that are valuable if you will approach it not as a formal 
but rather as an informal proposition. I believe in never 
revolutionizing any organization. It is a painful process 
and it takes so much longer to get the balance; the 
pendulum is always swinging too far. You can only do 
it by evolutionary methods. To find out, you have to 
begin, and the best way is to begin informally with a 
problem as it comes up. If you do it that way, I think 
that you can get over much of the difficulty, although 
you are bound to have some. 

Mr. DITTMANN:—Assuming that you have 100 men 
operating a particular type of machine, had you con- 
sidered taking each of these men as an individual case 
or do you believe that the record the first half dozen or so 
of these men make in this change of operation will be 
sufficiently convincing and enough of an incentive for 
the others to agree to change over to a different type of 
machine? 


Mr. TIPPER:—I think it is 
too many men at first. 


better not to start with 

Mr. DITTMANN:—I am assuming taking one at a time. 

Mr. TIPPER:—If you take one, two or three men and 
give them sufficient time so that they are finally efficient 
in two or three men’s jobs, as a problem they will sell 
it much better than you, if it really answers the purpose 
and gives an added interest to the men, an incentive. 
By taking the problem of one or two this itself will bring 
you finally a demand on the part of others, and the more 
intelligent man will demand it first because he will see 
the value of it. I think that there is no other way to 
do it. I would not counsel anybody in any of these 
changes to proceed as though this thing was a formal 
plan. I do not know how it will work out in the next gen- 
eration or two. I simply point out that we have stultified 
a man over what he was 100 years ago, and we cannot 
continue to do that without producing a nation of brutes 
before we get through. We must turn around and I 
do not think that it is wise to go too fast the other way. 
Otherwise we will get utter confusion and disorgan- 
ization instead of an orderly progress of organization. 
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the Government of a heavier-than-air flying machine 
was an endurance test in which the machine must 
remain continuously in the air for 1 hr. without landing. 
More than 8600 fliers have been trained in the United 
States since its entry into the war. Monthly graduations 
from ground and flying schools are shown on Fig. 1. 
The gradually increasing deviation between the two 
curves on this chart is caused largely by failure of 
graduates of ground schools to develop into fliers. 
There have been training fatalities in the United 
States, as in all other countries where training has been 
conducted on a large scale. However, when the fact is 
realized that our students have flown more than 880,000 
hr., which is the equivalent to more than 66,000,000 miles, 
it will be seen that our training casualties have been 
astonishingly few. Statistics show that the United 
States has a lower percentage of fatalities than any other 
of the allied countries. The monthly average in the 
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with the Liberty engine, the U. S. De Haviland 9-A 
equipped with the Liberty engine, the Martin bomber 
equipped with two Liberty engines and the Loening two- 
seater fighter equipped with the 300-hp. Hispano-Syiza 
engine. The characteristics of these new airplanes are 
given in the accompanying table. 

That intelligent comparisons may be made, the charac- 
teristics of the De Haviland 4 plane are included. 


LINEN, Dope AND Om. 


As it was impossible to produce the millions of yards 
of linen fabric required for airplane wing and body 
covering, a suitable cotton substitute was developed 
and manufactured in this country in quantities sufficient 
to meet the needs of both America and the Allies, and 
at a cost slightly more than half that of the linen fabric 
formerly used. This accomplishment, theretofore 
thought impossible, ranks among achievements of the 
first importance. The dope used on the fabric of air- 




















De Haviland 9-A Loening Martin De Haviland 
Bomber 4 
IR : eS ' 

Type ' prey , Day bomber | Reconnaissunce ‘ee : Rin 
Engine One Liberty One Liberty One Liberty oe TwoLibertys 
Weight empty, with water, lb 2,468 2,815 2,815 1,130 5,862 2,391 
Weight of fuel and oil, lb 475 933 933 290 1.492 457 
Weight of crew, lb 360 360 360 360 540 360 
Weight of guns, ammunition, 

etc.., lb 352 764 | 214 S28 1,769 374 
Gross weight, lb 3,655 4,872 4,322 2,608 9,663 3,582 
Weight per b.hp., lb 10.15 13.50 12.00 8.70 13.40 8.95 
Weight per sq. ft., Ib 9.33 9.50 | 8.40 12.10 9.00 7.12 
Speed at ground, m.p.h 136.00 121.50 126.20 143.50 113.30 124.70 
Time to climb to 6500 ft., min 6 1124 7% 5ls 1034 8 


United States has been only one fatality for each 3200 
hr. flown. Training fatalities by months are shown in 
Fig. 2, and in Fig. 3 are shown the analyzed causes of 
these fatalities. Two independent investigations made 
in connection with this paper have developed the fact that 
more than 90 per cent of training casualties are attrib- 
uted to the aviator himself. Fig. 4 shows the actual dis- 
tribution of our fliers overseas. 

A comparison of the weight of the Liberty engine with 
some of the better known foreign airplane engines is 
shown in Fig. 5, and fuel consumption in Fig. 6. The 
basic data for Figs. 5 and 6 came from official commu- 
niques from abroad. In the case of the Liberty engine 
the results of more than thirty tests were averaged. 


MaAcHINES ADOPTED FOR PRODUCTION 


On Nov. 11, 1918, there had been developed, tested and 
adopted by the Army four airplanes, on which produc- 
tion would have started early in the present calendar 
year. These were the Lepere or L. U.S. A. C-11 equipped 





1From a paper presented at a meeting of the American Institute 
of Electrical Engineers. 
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planes presented many difficulties not only to us but to 
our Allies. This and other chemicals required were soon 
being produced in this country in quantities sufficient 
for their requirements as well as our own. 

To meet the extensive demands for a high-grade lubri- 
cating oil, castor bean seeds were imported from India 
and about 108,000 acres planted in this country. Mean- 
while, research work with mineral oils was carried on 
intensively, with the result that a lubricant was devel- 
oped which proved satisfactory in practically every type 
of airplane engine except the rotary engine in which 
castor oil is still preferred. 

Behind the production figures of Nov. 11 was mobilized 
in the United Sates an industrial army of about 350 
firms and corporations employing more than 200,000 men 
and women. A huge imaginary conduit leading from 
the factories and assembly shops of America to the fight- 
ing front in France was in operation. At any given 
moment, the number of engines, planes and accessories 
distributed along the 3000 miles of this imaginary con- 
duit were known accurately and organized in such a way 
that the flow throughout should be continuous, or that 
minimum congestion should occur at any point, be it 
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factory door, railway train, embarkation depot, steam- ae a 
ship or debarkation point in Europe. 110000 }—}_}_ | — 
In November, 1916, I had the honor of addressing the 


Tati > a: a 100000 }—+—+- 
National Academy of Sciences at Boston and outlining PR 
some outstanding problems for research in connection 00007 

with aeronautics. Such has been the activity in research 80000 +} 


in studying air problems that fully two-thirds of the sub- 70000 F&—+- 
jects suggested at that time have now been satisfac- 


@ 60000 rb. 
torily solved and are in actual use in the art. The new 3 oe a _|HOURS FLOWN _| 
profession of air engineering is vying with the older = | 1 
engineering branches. a OR AI RR RS ek a aap am 
3000-4 wt 
——— ee . . | 
PHYSICAL CONCEPTION OF AIR 20000! | | ee 


Everyone knows, of course, that if there were no air ee A Es TE ES ES et 2 
there could be no life, but probably very few fully real- 
ize its immense importance in almost everything we do. 
In one condition it is invigorating and gives us a zest 
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The first 18 years of the present century have wit- 
nessed a wholly new and startling flood of physical knowl- 
edge which has resulted in profoundly modifying our con- 
a 2 ee oe oe a || =) ceptions of electricity and matter, as developed in the 

nineteenth century. These two great subjects have been 
brought together and are now recognized as one and the 
same subject. 

What we called self-induction is now considered to be 
~T . | tf} yy} |, L, only inertia. Mass is supposed to be wholly electrical 
July Aug, Sept Oct. Nov. Dec Jan. Fab. Mar. Apr. May JuneJuly Aug Sept.oct.Nov and a vector instead of a scalor quantity. The most fun- 

— we Nov. 1h" damental of all physical constants, the electron, has been 
isolated and its charge measured. Electricity from what- 
ever source is made up of these electrons and even metal- 
lic conduction consists of the actual projection of these 
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for hard work whether mental or physical; in another 


it leaves us depressed and incapacitated for efficient granular units along the conductor. 

A gas like the air, in the present view, is not a con- 
tinuous medium, but is composed of many individual 
structures which preserve their identity and individu- 


labor. Numerous manufacturing processes are radically 
affected by the amount of moisture in the air and many 
others by its temperature. Power is transmitted by it; 
we communicate our thoughts to one another by vibra- 
tions of the air, and by its aid we have recently acquired 
our swiftest mode of travel. Obviously then, a knowl- 
edge of the composition, structure and physical prop- 
erties of this universal medium is of such vital impor- | @¢4/S/O" 
tance as to justify most painstaking study and research. | NOSE O/ME 
In the last few years, for instance, several elements, | UNKNOWN 
helium, argon, neon, krypton and xenon, have been found 
in the atmosphere that previously were unknown and 
: “ FIRE 
even unsuspected, for they were not required by the 
Mendeléeff table of the elements as then understood. One | S7AL¢ 
of these, argon, amounts to nearly 1 part in 100 of the | COLLAPSE OF PLANE 
whole atmosphere, and yet through decade after decade 
of chemical investigations involving countless thousands 
of air analyses, it, and all its family of gases, remained 







TAIL SPIN 


SIDE SLIP 


LOSS OF CONTROL 
MOTOR TROUBLE 








FALL FROM PLANE 
undiscovered. 

Recently, too, means have been found for drawing | CRASH AND FIRE ' | 
directly on the atmosphere for an inexhaustible supply a a: cciinaarleiniishiamameapiiaianianineimaatineaanae 








of nitrogen compounds used in the production of power- 
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ality during the normal life of the gas. These largest 
units are known as molecules, and they are all moving 
with considerable velocity on the average, the path of 
each being for the greater part a straight line until 
two approach near to each other. The forces that these 
two exert upon each other reach out into the medium 
which surrounds them both, creating a region of intense 
field at sufficient distance away from each so that their 
integrity is not disturbed. 

When the two molecules approach each other, they are 
deflected off without collision, preventing a catastrophe 
much as a comet coming into the solar system is merely 
deflected by the action of the sun and does not fall into 
it unless it makes a direct hit, the chances of which are 
extremely small. The gas pressure of the air upon the 
walls of the containing vessel is merely the reaction of 
these deflected molecules that come into close proximity 
with the more fixed molecules of the container. 

If we consider for a moment a cubic centimeter of 
air under standard conditions, we know that the number 
of the largest structures therein, the molecules, is a con- 
stant, and is about 2.705 * 10”. It does not matter 
what kind of a gas we have, whether hydrogen, oxygen, 
nitrogen or compounds like methane, carbonic acid, etc.; 
the number of molecules remains fixed. In fact, we 
can probably determine the number of molecules in 1 c.c. 
of a gas more accurately than we can determine the 
number of inhabitants in New York City, in spite of 
the fact that the number is slightly more than twenty- 
seven billion billion. 

By measuring the weight of the cubic centimeter of 
air and dividing this by the number of molecules con- 
tained therein, we obtain the weight of the largest struc- 
ture composing the air, namely, the molecule. The struc- 
ture of the molecule, while sufficiently enduring to remain 
together as a unit in the normal condition of the gas, 
yet is not strong enough to withstand forces that may 
be easily brought to bear upon it by chemical means to 
cause it to separate into still smaller units known as 
atoms. In the nitrogen and the oxygen of the air there 
are but two atoms making up each molecule, so that each 
structure in air.can be divided into two parts only by any 
means at the disposal of the chemist. 

The atoms, however, have been broken up into still 
smaller units, but it can be done only with great diffi- 
culty, comparatively speaking, and until recently the 
difficulty was so great that they earned the name atom, 
signifying that they could not be cut in two. They are 
far more enduring structures than the molecule. 

The only two kinds of things that ever have been 
obtained thus far by the breaking up of the atoms of 
all kinds are the so-called positive ions and negative 
electrons, and these remain today as things which have 
never been broken up into smaller components. Whereas 
the negative electron has been isolated from gross matter, 
the positive charge has never been dissociated from 
matter. The present idea of physicists is that we have 
found an ultimate constituent of all gross matter. The 
mass of this negative electron has been measured, and 
the mass of the smallest atom, hydrogen, is 1845 times 
greater than that of the electron. 

We regard the atom as consisting of a positive nucleus 
about which negative electrons are ceaselessly revolving. 
The dimensions of the negative and positive constituents 
of atoms, in comparison with the dimensions of the atoms 
themselves, are like the dimensions of the planets and 
asteroids in comparison with the size of the solar system. 

In the light of the foregoing conception of a cubic 
centimeter of air, imagine if you can. what a compli- 


cated thing would be the result of an orchestra playing 
100 instruments and 200 voices singing in chorus, accom- 
panied by the orchestra. The cubic centimeter of atomic 
worlds, in this case, becomes subjected from without to 
a great number of superimposed frequencies representing 
each and all of the individual instruments, as well as the 
innumerable harmonics required to indicate the qualities 
of the human voices; yet our medium is sensitive enough 
to respond accurately to each and every one of these 
frequencies simultaneously, and synthetically adds them 
together and produces a resultant envelope curve of 
pressure which the marvels of the human ear are able to 
analyze and interpret into its elements. A medium which 
has such qualities as to be capable of acting and reacting 
in this delicate manner and at the same time when 
moved bodily with the velocity of a tornado can cut 
down trees and buildings as if by a giant steel knife 
is a medium the possibilities of which for future research 
we, at present, only dimly perceive. 


CoMMERCIAL PRODUCTION OF HELIUM 


One of the greatest scientific achievements of the war 
from a technical standpoint was the production of helium 
in quantities for balloons. This gas is non-inflammable 
and has about 92 per cent of the buoyant effect of hydro- 
gen. Its name is due to its having been discovered in 
the sun’s atmosphere through a characteristic line in the 
solar spectrum, before its presence on the earth or any 
of its properties were known. It was first obtained in 
minute quantities by Ramsay in England some 20 years 
ago by heating certain radioactive minerals in which it 
occurs because it is a disintegration product of radium. 
Its pre-war scarcity may be appreciated from the fact 
that, up to two years ago, not more than 100 cu. ft. had 
ever been obtained, and the usual selling price was about 
$1,700 per cu. ft: 

Notwithstanding so discouraging an outlook, someone 
in the British Admiralty had imagination enough to pro- 
pose the large scale separation of helium from certain 
natural gases in Canada that contain about 0.33 per 
cent of it, and experiments were undertaken at the Uni- 
versity of Toronto. Soon after the entry of the United 
States into the war, the Bureau of Mines, learning of 
the problem from a British confidential memorandum, 
persuaded the Signal Corps and the Bureau of Steam 
Engineering of the Navy to approve and finance jointly 
an experimental program on a large scale. Thanks partly 
to the unusually rich resources of supply in this country, 
and partly to the skill of the two commercial companies 
whose services were enlisted, and to the enthusiasm of 
the Bureau of Mines staff and of Mr. Carter of the 
Navy who for a time represented the Army as well in 
the project, such success was achieved that, at the ces- 
sation of hostilities, there was compressed and on the 
dock ready for floating 147,000 cu. ft. of nearly pure 
helium, and plants were under construction to give at 
least 50,000 cu. ft. a day at ar? estimated cost of not more 
than 10 cents per cu. ft. 

The production of a balloon gas that assures safety 
from fire opens up a new era for the dirigible balloon. 
In November, 1917, a Zeppelin made the trip from Bul- 
garia to German East Africa with 25 tons of medicines 
and munitions, only to find that the German forces 
had already been dispersed, and returned safely to its 
base without landing. With a non-inflammable gas, not 
only comfortable and expeditious, but also safe, trans- 
continental and transatlantic travel in dirigibles will, 
it is believed, soon be commonplace. 

Under the effective direction of Major W. R. Blair, 
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one of the most experienced aerologists of the United 
States, commissioned for the service from the Weather 
Bureau, about 20 upper-air stations were established in 
France and England and a forecast based on data fur- 
nished by these stations made regularly to the A. E. F. 
Twenty-eight stations manned by 150 men, all carefully 
picked at the start and well trained at College Station, 
have been established for furnishing local data as to 
either surface or upper-air conditions or both to the 
flying fields, artillery posts and proving grounds in this 
country. The largest of these stations is that at the 
Aberdeen Proving Ground, which is manned by twenty- 
two men and furnishes to the Bureau of Ordnance all 
necessary data for the determination of ballistic wind 
which, in view of the development of high-angle fire, has 
become altogether indispensable for the construction of 
range tables needed for obtaining accuracy in the work 
of the artillery. 

Twenty-six meteorological stations were established 
at carefully selected points over the whole of the United 
States, which have been manned by trained observers 
who telegraph to Washington each day observations on 
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instance these observations have been carried to 65,000 
ft. On the basis of these observations, a daily forecast 
of upper-air winds is now being issued. The use which 
such forecasts may serve, both in connection with the 
aviation mail service and ultimately with the trans- 
atlantic service, can be seen from the fact that above the 
level of 10,000 ft., 95 per cent of the winds in both the 
United States and Europe are from west to east and 
often attain velocities in excess of 100 m.p.h. On Nov. 
6, 1918, at Chattanooga, Tenn., a velocity of 154 m.p.h. 
at an altitude of 28,000 ft. was observed. It is because 
of this easterly direction of these upper air currents that 
all of the long flights thus far made have been from 
west to east. The importance of a forecast of such cur- 
rents for the purpose of long flights will be appreciated 
as soon as the foregoing facts are understood. An air- 
plane capable of a velocity of 154 m.p.h. in still air would 
either remain stationary or travel at 308 m.p.h. depending 
on whether it was headed into or with a wind of the 
velocity of that observed at Chattanooga. 

All of the aerological work so far mentioned has been 
done with the aid of theodolites especially designed by 
Major W. R. Blair for this service. Sixty of these have 


> IN THE UNITED STATES | 


405 





been built for the work in this country and twenty ship- 
ped abroad. 

The problem of exploring the upper-air currents over 
the Atlantic was at first thought insoluble on account 
of the absence of fixed bases, but the Meterological 
Service has developed propaganda balloons which al- 
ready have flown at an average altitude of 18,000 ft. 
from Omaha to New Jersey, a distance of more than 
1000 miles. The success of the project has now made 
possible the mapping of the upper-air highways across 
the Atlantic; for arrangements are being made to send 
up from both coastal stations and from transatlantic 
steamers, these long-range balloons designed for from 
2000 to 3000-mile flights and adjusted to maintain a 
constant altitude and to drop in Western Europe their 
records of average winds in these heretofore unchart- 
able regions. The importance of this work for the 
future of aviation needs no emphasis. 


PHYSIOLOGICAL STUDY OF THE FLIER 


Until a year and a half ago, interest centered in the 
development of aircraft and not in the flier. There was 
little regard for the special fitness of the man on the 
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day and hour he drove his machine. This was true, not 
only in the United States, but also in the allied coun- 
tries. The pilot was not selected because of any peculiar 
fitness for flying. It was simply a question of whether 
or not he had the nerve. 

But, about the time the United States entered the war, 
it became clear that the science of physiology could be 
applied with advantage to the selection, classification 
and maintenance of the aviator. Each of the countries 
in the war now has a fully established air medical ser- 
vice as an integral part of the air forces. In the British 
Army there is a separate air medical service with a 
Surgeon General of Aeronautics. In the American 
Army this work has been handled effectively by a di- 
vision of the Surgeon General’s office assigned as part 
of the Air Service. 

The early view that any one who “had the nerve” 
could fly caused enormous avoidable wastage of life and 
material. The lesson learned from bitter experience 
was that it is essential to obtain fliers who are espe- 
cially fitted for particular work and to keep them in 
condition to perform their duties at all times. 

Nature never intended man to fly in the same sense 
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that she did not intend him for life in a submarine. 
Conditions are unnatural from the time he leaves the 
ground until he returns. There are many obstacles to be 
overcome. He flies in an atmosphere deficient in that 
oxygen which is the “breath of life.” 

The pilot is the heart and brain of the whole flying 
apparatus. Parts of the airplane may break without 
serious result, but when the pilot breaks, even mo- 
mentarily, nothing is left to direct the flight. 

To accomplish the best results, a comprehensive pro- 
gram to be followed in the selection of fliers was under- 
taken, providing for the standardization of both tests and 
examiners. Sixty-seven military units were established, 
each examining from 10 to 60 applicants a day. The 
figures show that 70.7 per cent. of the applicants were 
qualified. The large number of applicants made it pos- 
sible to maintain the highest standard in selecting men. 

In the same spirit with which the United States de- 
termined to supply the American air fighters with as 
good, if not better, planes than those used by the enemy, 
it was decided that the American aviators must be as 
good, if not better, than those of the enemy. The out- 
come of any encounter might easily depend upon which 
combatant possessed the better vision and other special 
senses, the better nervous system and the better mental 
and physical equipment in general. 

Each applicant received a complete physical examina- 
tion embracing all the features ordinarily required of 
men entering the military service and, in addition, com- 
prehensive and extensive tests of the special senses of 
vision, hearing and motion sensing. 


CLASSIFICATION OF THE FLIER 


It is important to classify the flier for the kind of 
work he is physically capable of performing. Some 
men are not able to fly at higher levels than a few 
thousand feet without serious deleterious effects, while 
others can operate at much higher altitudes. It is 
necessary to know a flier’s limitations before his train- 
ing is specialized, for the saving of time and money and, 
in fact, of the flier himself. It would be an evident 
waste to train a pilot for combat work and then find 
he was only physically capable of doing bombing at a 
relatively low level. To accomplish this classification, 
branch medical research laboratories were placed in the 
flying fields, which by appropriate tests on the rebreather 
machine, developed at the parent institution at Mineola, 
classified the fliers. 

The work of these laboratories demonstrated that 61 
per cent are capable of flying to 20,000 ft. or more, 25 
per cent should not fly above 15,000 ft, and 14 per cent 
are unsafe above 8000 ft. 

The rebreather is used also to determine temporary 
unfitness for altitudes, due to some intercurrent illness, 
dietary indiscretion or staleness from prolonged flying. 
_ Night bombing is carried out at altitudes as low as 
800 ft. Day bombing, in order not to reveal the ob- 
jective of the flight and to guard against concentrated 
anti-aircraft fire, may call for flights at very great al- 
titudes. Reconnaissance machines rarely get to great 
altitudes, owing to the necessity for more or less close 
observation of the ground. Machines cooperating with 
the artillery in making range corrections for batteries, do 
not often work above 6000 or 8000 ft. 

The Flack bag was the prototype of the rebreathing 
apparatus which has been developed in the medical re- 
search laboratory. By this apparatus the aviator re- 
breathes air confined in a tank. from which he grad- 
ually consumes the oxygen. As the percentage of oxygen 








decreases, the flier, in effect, is slowly ascending to high- 
er altitudes. In the course of 25 to 30 min. he lowers 
the oxygen content of the air in this tank to 8 or 7 per 
cent, which is equivalent to attaining altitudes of 25,000 
to 28,000 ft. 

Another means of attaining the same result is by the 
diluting apparatus, which supplies directly to a mask 
over the face a mixture of air and nitrogen in what- 
ever proportion is desired. All of these tests have been 
standardized and confirmed by the low-pressure tank, 
in which the air is rarefied to correspond to any given 
altitude. 

The effect of low oxygen upon the mental processes 
varies greatly in the individual. He usually becomes 
mentally inefficient at an altitude at which there is as 
yet no serious failure of his vital bodily functions. By 
simple tests of mental alertness during rebreathing it is 
easy. to determine that one flier becomes mentally in- 
efficient at 15,000 ft., in sharp contrast to another who 
has his full mental powers up to and beyond an altitude 
of 25,000 ft. 

Oxygen-want exaggerates any latent defect of the 
eyes. Crash reports have demonstrated that a large 
proportion are due to eye defects. 

“Stunting” is essentially an internal-ear problem. 
During and after rapid turning the flier’s brain is re- 
ceiving impulses from his semi-circular canals. In a 
normal individual nothing can control or alter the send- 
ing or receiving of these impulses, which produce sensa- 
tions of motion. Fliers vary greatly in their ability to 
interpret correctly the significance of these impulses. 
Experience alone enables them to familiarize themselves 
with their meaning. Those who develop the greatest 
ability in their interpretation naturally fall into the 
scout-pursuit class. Those who, in spite of training, are 
still disturbed or bewildered by stunting are reserved 
exclusively for straight flying. 


Tue MAINTENANCE OF EFFICIENCY 


After a certain amount of continuous service the flier 
begins to show unmistakable signs of deterioration. Until 
the Air Medical Service went to work, fliers were per- 
mitted to continue until they broke. Their breaking was 
signalized sometimes by simple failure to return from 
behind the enemy lines; sometimes by becoming mentally 
and nervously exhausted to the extent of permanently 
unfitting them for flying. 

The rebreathing test is valuable also in determining 
this staleness in fliers, caused by frequent exposure to 
high altitudes. Incipient cases of the deterioration in 
efficiency caused by oxygen-want are detected easily by 
the rebreather. Then it is possible to ground a man 
for a certain period to enable him to recover entirely, 
whereas if this condition were not detected, it might 
progress to a point where it would be impossible for 
the man to regain his former efficiency. When staleness 
becomes marked the flier is liable to faint in the air, 
thus losing his life and wrecking his machine. Periodi- 
cal examinations are made to detect staleness. 

While it was not possible to arrive at exact percent- 
ages, estimates made at the time of our entrance into 
the war, based upon information from Italy, France 
and Great Britain, indicated that not more than 2 per 
cent of the aviation losses in active service were caused 
by the enemy. Failures of the airplane were responsible 
for slight losses only, due, of course, to the rigid in- 
spection of the machines. Statements from all sources 
agreed that of the total number of fliers permanently 
out of the flying service, not more than 8 per cent could 
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be attributed to mechanical shortcomings of the air- 
plane or engine. The remaining 90 per cent loomed 
large when it was realized that this proportion repre- 
sented trouble in the flier himself. Therefore the “Flight 
Surgeon” was authorized to keep aviators physically fit 
and to study the causes of accidents attributed to the 
failure of the man. 

It was observed that more than half the injuries in 
crashes were caused by the flier striking his head against 
the cowl. The cowl was cut out to give the flier more 
room in front, and this change has practically eliminated 
the head injuries. A safety belt was fastened to the ma- 
chine by a simple rubber shock absorber, and since this 
has been done the number and extent of injuries to the 
upper abdomen and ribs have been decidedly reduced. 
The problem of enabling the flier to withstand the glare 
reflected sunlight above cloud banks was solved by fur- 
nishing him with the Noviol type of goggles. The 
Dreyer oxygen apparatus is used to compensate for his 
lack of sufficient oxygen in high altitudes. This appar- 
atus has been modified and perfected so that it is now 
possible to supply a flier automatically with the correct 
amount of oxygen for the altitude at which he is flying. 

Within the last. few months an apparatus has been 
perfected whereby students may acquire flying experience 
and training without leaving the ground. This ma- 
chine, known as the Ruggles orientator, is a modifica- 
tion of the universal-joint, composed of three concentric 
rings pivoted so as to permit the fuselage, which is also 
pivoted within the innermost ring, to be put through 
every possible evolution experienced in actual flying ex- 
cept forward progression. 

An analysis of “crash reports” shows that a large 
number are due solely to failure to come out of the 
spinning nose dive or tail spin. The student failed in 
these maneuvers because he had not learned by sufficient 
previous experience to compensate for his dizziness. 
The new apparatus gives the flier experience until he 
becomes familiar with the various sensations. 

Another method of educating the student is by flying 
calisthenics. By daily turning and tumbling exercises 
he becomes accustomed to positions and movements in 
which at first he is awkward and bewildered. 

It has become evident during the last nine months 
through activities of nutritional survey parties of the 
food division, Surgeon General’s Office, that there is a 
great need in each aviation camp for a nutrition officer. 
The nervous system is more highlv differentiated than 
the muscular system and more easily upset by improper 
food. It has been shown that a nutrition officer with 
special knowledge of food values should supervise the 
messes of all cadets and officer fliers to keep up effi- 
ciency. 

Under date of Nov. 20, 1918, General Pershing said 
in a report to the Secretary of War: “Our aviators 
have no equals in daring or in fighting ability, and have 
left a record of courageous deeds that will ever remain 
a brilliant page in the annals of our Army.” 


Rapio AND AERODYNAMIC INVESTIGATIONS 


A thorough study of vacuum tubes for use in trans- 
mitting, receiving and amplifying is in progress; a study 
of insulating materials used in radio apparatus; the 
development of a permanent-contact crystal detector; 
the development of a high-frequency oscillographic equip- 
ment, and the furnishing of standards for use in radio 
development are among the subjects handled in connec- 
tion with the production of radio apparatus for military 
purposes. 


AERONAUTICS IN THE UNITED STATES 








Bomb-dropping devices have been tested and compared. 
The head resistance and other characteristics of air- 
plane bombs have been measured to provide data for 
computing the trajectories. Machine-gun sights for 
airplane use, with automatic adjustments for speed have 
been tested and adjusted in the wind-tunnel. Hundreds 
of pitot tubes and pitot-venturi combinations for meas- 
uring the speed of the airplane have been calibrated. 
The head resistance of many types of engine-radiator 
section has been measured. Small variable-pitch pro- 
pellers for driving the generator used in radio signaling 
at constant speed, independently of the speed of the 
airplane or engine were perfected through wind-tunnel 
tests and later tested in large numbers. 


RapIATION, IGNITION AND CARBURETION PROBLEMS 


The necessary apparatus has been designed and con- 
structed to study the heat transfer characteristics of ra- 
diator cores used in airplanes. The performance of 
more than 85 different types of core has been studied 
in this apparatus at reduced pressure and high rates 
of air flow. Head resistance measurements have been 
made on these cores in the 54-in. wind-tunnel. The re- 
sults of these experiments have shown that certain types 
of core in use today may absorb two or three times as 
much of the engine power as other types and as much 
as 25 per cent of the total power developed by the en- 
gine. 

Experiments on the head resistance of a model fuse- 
lage fitted with a nose radiator have shown that the 
power absorbed by the resistance of a nose radiator 
may be as much as 40 per cent greater than that ab- 
sorbed by a radiator more suitably placed. To afford 
maximum efficiency, a radiator must be designed for its 
particular air speed and position on the airplane. The 
results of this investigation give the necessary data for 
the design or selection of radiators for all air speeds 
and for various locations. 

Investigations have been made on various problems 
connected with spark-plugs and other ignition appar- 
atus used on airplane engines. This work has resulted 
in the development of a new porcelain for spark-plug 
insulators which is definitely superior electrically and 
mechanically to any previous commercial product. The 
results have led to the use for aviation work of several 
high-grade commercial porcelains not previously consid- 
ered for this purpose. 

In the carbureter testing plant the work has included 
a detail study of the changes in mixture proportions 
that occur with throttle manipulation under the con- 
ditions of atmospheric pressure and temperature ex- 
isting at and between ground level and 33,000-ft. alti- 
tude. This work has resulted in the development of 
suitable control of the mixture under throttle manipu- 
lation at any level above the earth’s surface and in the 
development of methods and devices for automatic cor- 
rection of the variations in mixture pronortions ordi- 
narily occurring in passing from ground level to an 
altitude of 33,000 ft. 

An important ¢vroup of problems which engaged the 
attention of the Bureau of Standards was that relating 
to the production of light aluminum alloys and the im- 
provement of their mechanical properties. Thus, new 
manufacturing methods were developed for a well-known 
rolling and forging alloy by which both the ease of its 
nroduction was increased and its physical properties 
improved. Studies were made of the corrodibilitv of 
various alloys, while mechanical and metallurgical tests 
were made of a variety of different compositions of al- 
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loys giving most valuable information for the guidance 
of the designer of engines and planes. 


AIRPLANE Dopes, VARNISHES AND FABRICS 


Specifications for acetate and nitrate dopes were pre- 
pared at the Bureau with the cooperation of dope man- 


ufacturers, airplane constructors and representatives of 


the government. Simultaneously, dopes manufactured in 
this country were examined in accordance with the speci- 
fications and list of products prepared which were ap- 
proved for use on Government aircraft. After much 
controversy, the use of acetate dopes containing tetra- 
chlorethane was forbidden because of the toxic effects 
of this compound. Many proposed methods of fire- 
proofing dopes and fabrics have also been examined. A 
commercial method of preparing and stabilizing lactic 
acid testers was devised for use in acetate dopes to con- 
serve the products of acetate of lime. A transparent 
silk fabric for possible use in obtaining low visibility 
has recently been perfected. Lately work has been in 
progress on the pigmentation of dopes with a view to 
protecting the dope film from the deteriorating action 
of sunlight and thus prolonging its life, at the same 
time dispensing with the use of enamels, thus saving 
one step in production. The use of pigmented dopes 
will also conserve cellulose acetate. 

Investigations of methods for making wooden parts 
of airplanes water resistant showed that a good grade 
of spar varnish was satisfactory, and a specification 
for such a varnish that could be produced at low cost 
was prepared. The same varnish has been found to be 
a satisfactory coating for doped linen or cotton, used 
either as a transparent varnish or as the basis of a 
vehicle for pigmented coatings. This may be used on 
both wood and metal. 

The Grade A cotton fabric now being supplied to the 
Air Service compares favorably with the linen regard- 
ing weight, has a much higher factor of safety, a greater 
tear resistance and dopes up to satisfactory tautness. 
The life of any fabric is dependent entirely upon the 
life of the dope, and therefore the cotton has as long 
life as the linen. 

As a result of more recent investigations by the Bu- 
reau of Standards, another distinct fabric has been 
evolved which is 25 per cent lighter than any linen fabric 
now in use, and is materially stronger. 


SiaNAL Corps RESEARCH DIVISION 


At the time of the signing of the armistice, the science 
and research division of the Signal Corps had in progress 
64 problems. 


A summary of the most important results actually 
achieved up to that time is given herewith: 


(1) The aeronautic instruments section, in addition 
to fulfilling the function specifically assigned to it of 
writing all the initial specifications for aeronautical in- 
struments in use on planes, and in working continually 
with the instruments in production to detect imperfec- 
tions and make suggestions for improvement, designed 
and developed wholly within its organization, through 
the activity of its chief, Major C. E. Mendenhall, a new 
and improved pitot-venturi tube for use in the deter- 
minations of airplane air speed. This instrument was 
actually put into production and 37,000 ordered 

(2) Major Mendenhall and Lieut. R. C. Williamson 
have cooperated with the General Electric Co. in the 
development of a new and improved compass, 10,000 
of which were produced. This compass is now in use 
on planes for the American Army 

(3) The science and research division cooperated with 
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the Eastman Kodak Co. in the development of an en- 
tirely new film camera which is in production and which 
is the only film camera in existence capable of taking 
the standard size 18 by 24-cm. pictures. This camera 
is entirely automatic and capable of taking 100 pictures 
without refilling 

(4) The science and research division with the as- 
sistance of the Burke & James Co. of Chicago developed 
a new plate camera which is a modification of the 
French De Ram. It is semi-automatic, carrying 50 
plates. It has been accepted and is now in production. 
Both this photographic development and the one men- 
tioned under (3) were made possible solely by the bring- 
ing together of a highly trained scientific group in the 
photographic section of the science and research divi- 
sion 

There would have been practically no possibility of 
the attainment of these results without such a group. 
This photographic group constituted one of the sections 
of the science and research division until about July 
1, 1918, when it was transferred to the production divi- 
sion. The development of photography during the 
present war, due to the advent of the airplane, has 
placed it permanently among the indispensable agencies 
for successful military operations. The older methods 
of recording personal observations have been super 
seded entirely by the far more accurate and reliable 
photographic record. A complete detailed photographic 
map must now be made daily of each sector immediately 
in front of an army, and by carefully matching these 
maps and by intensive study of each individual area, 
the maze of trenches, entanglements, machine-gun 
nests and shell-holes can be accurately analyzed. It is 
worthy of notice that 17,000 photographs were taken 
by the British Army before the operations at St. Quen- 
tin in order that a relief map of the sector might be 
made before the drive against the Germans. By this 
map, every detail of the work to be performed by the 
British troops was planned. By a series of consecu- 
tive photographs taken at regular intervals by a mov- 
ing-picture camera an accurate and reliable picture of 
a military road, for instance, showing all the details 
to scale can now be made in a few minutes. With the 
aid of the camera the detection of camouflage is pos- 
sible where the human eye would fail 

(5) Dr. Gordon §S. Fulcher, working in collaboration 
with the Miller Rubber Co., developed a leakproof tank 
simultaneously with the development of a similar tank 
in England, achievements of the utmost importance for 
the lives of Allied aviators. The Fulcher tank was or- 
dered placed upon all fighting planes 

(6) Major C. E. Mendenhall and Lieut. John T. Tate, 
with the assistance of the General Electric Co., per- 
fected a trench signalling lamp which, after testing at 
the front, was ordered sent over in considerable num- 
bers and will probably constitute a standard American 
projector for the United States Army 

(7) Major R. W. Wood developed a telescopic signal- 
ing device using a 6-volt 2-amp. lamp. This lamp was 
tested at the front and favorably passed upon by the 
A. E. F. It has made light signaling in broad daylight 
over a distance of 18 miles possible. General Pershing 
ordered a considerable number of these sent to the 
A. EB. 2. 

(8) Major Wood also developed a secret daylight sig- 
naling lamp which has a range of 5 miles. This also 
was ready for shipment abroad at the time of the sign- 
ing of the armistice 

(9) Secret signaling at night, with the aid of ultra- 
violet light, was perfected by this department, work- 
ing in collaboration with Norman Marshall. With sim- 
ple signaling telescopes of the sort mentioned above, 
using only a 6-volt 2-amp. lamp, secret signals have 
easily been sent 6 miles. Major Wood also developed 
new means of adapting this method to the problems of 


signaling to airplanes and secret signaling between 
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convoys and obtained thereby a device which will be 
of much use in peace as well as in war 

(10) W. J. Lester, S. R. Williams, Capt. B. J. Sherry 
and Sergt. W. H. Redman developed propaganda bal- 
loons which have a range of more than 1000 miles. 
This is an accomplishment which is invaluable to the 
future development of aviation, particularly with ref- 
erence to transatlantic flights, whether in peace or in 
war 

(11) Dr. W. F. G. Swann and Dr. Gordon S. Fulcher 
gave invaluable service to the balloon section by mak- 
ing an elaborate and highly important study of the 
causes of fires in balloons and sending to the balloon 
officers in the balloon section directions for the preven- 
tion of such fires 

(12) Dr. H. N. Russell and Capt. J. P. Ault devel- 
oped means for navigating airplanes with the aid of the 
sextant and an artificial horizon. They also developed 
means of speedy reduction of observations so that an 
observer in a plane can locate himself with an average 
error of not more than 10 nautical miles within 5 min. 
after he makes his observation. This achievement is of 
great value for the problem of long flights 

(13) Lieut. John T. Tate and Otto Mohr developed a 
portable landing light for use on aviation fields. This 
device was officially tested and favorably reported upon 
by the Division of Military Aeronautics. It is now in 
use at some fields and recommendation has been made 
that two complete units be made a part of the perma- 
nent equipment of all aviation fields 

(14) Dr. Harvey N. Davis represented the Army in 
the development of the helium program and contributed 
in a large measure to the great success which has been 
attained in that work 

(15) The chemical section under Dr. H. D. Gibbs de- 
veloped new methods of producing acetone, which will 
make it possible to obtain this substance for one-fourth 
the price the Government is now paying 

(16) The chemical section, through the activity and 
energy of Dr. L. E. Wise, developed sensitizing dyes 
which previously had not been obtainable at all in the 
United States and which were urgently needed in air- 
plane photography 

(17) Capt. Herbert E. Ives and Dr. F. A. Saunders, 
in collaboration with I. W. Priest of the Bureau of 
Standards, made notable contributions in the develop- 
ment of color filters for detecting camouflage and in- 
creasing visibility. Forty thousand of these devices 
are now in use in the Army and Navy 

(18) Dr. Wilmer A. Duff’s section worked out the only 
method which has been developed thus far for the accu- 
rate, experimental determination of bomb-trajectories. 
This is of primary importance in obtaining precision in 
bombing. It will have peace uses as well as war uses 

(19) Dr. Duff’s section also developed a bombsight 
stabilizer which has reduced the main error now made in 
bombing, namely, the error in the determination of the 
vertical, by more than three-fold. When it is remem- 
bered that a three-fold increase in the accuracy of bomb- 
ing is precisely equivalent to the multiplication by three 
of the production of bombing planes, the importance of 
work of this kind scarcely needs comment 


There are probably a dozen of the 19 developments 
mentioned above, each one of which is worth more to 
this country than the total amount spent upon the estab- 
lishment and maintenance of the science and research 
division from its inception up to the present time. 


Vacuum-TusBre DevELOPpMENT WorK 
In a summary of the engineering achievements of 
the Signal Corps during the war, the development of 
radio apparatus forms a large part. Inasmuch as the 


vacuum tube occupies so prominent a role in almost 
every kind of radio apparatus, an outline of its develop- 
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ment logically precedes discussion of the radio sets. 

The application to radio inter-communication of the 
vacuum tube, perhaps more properly called the thermi- 
onic tube or bulb, is one of the most interesting develop- 
ments in the whole field of applied science. Not only 
has it made possible what has been justly heralded 
as one of the most spectacular achievements of the whole 
war, the airplane radiophone, but the confidence grow- 
ing out of the extensive experience with the vacuum 
tube in warfare, coupled with its extreme adaptability, 
has resulted in a rapidly increasing amount of radio de- 
velopment involving its use. 

The vacuum tube was known in various forms before 
the war. Following extensive experiments with the so- 
called “Edison effect,” Fleming, some years ago, pro- 
duced the well known Fleming valve, a current rectifying 
device, capable therefore of being usedeas a detector of 
radio signals. This device contains two elements, an 
incandescent filament emitting electrons and a plate upon 
which an alternating voltage is impressed, both placed 
within an evacuated bulb. Later Dr. Lee DeForest in- 
troduced an important modification by placing a wire 
mesh or “grid” between the filament and the plate. A 
small voltage variation on this grid produces the same 
current change through the tube as would a much larger 
voltage variation on the plate, thus adding amplifying 
properties to the detector characteristics of the Fleming 
valve. DeForest called his device the “audion.” Later, 
with superior facilities for evacuation available and with 
a more intimate knowledge of the laws of thermionic 
emission from hot bodies, improvements and modifica- 
tions were made in the audion or vacuum tube by both the 
General Electric Co. and the. Western Electric Co., the 
latter designating its product as the “vacuum tube,” and 
the former, the “pilotron.” 

In addition to acting as detectors and amplifiers, as 
mentioned above, vacuum tubes can function in two 
other important ways: 


(1) As Oscillators In properly designed circuits 
containing inductance and capacity they will act as 
radio frequency generators, for use in transmitting or 
receiving radio signals 

(2) As Modulators By suitable connection to an 
oscillator circuit or antenna, they can be made to vary 
the power radiated so that the envelopes of the waves 
transmitted shall have any desired wave form, as for 


example, the speech waves from an ordinary telephone 
transmitter 


The most striking use made of vacuum tubes prior 
to the time we entered the war was the transmission of 
speech by radio from Washington to Paris and Hono- 
lulu, during the experiments carried out by the American 
Telephone & Telegraph Co. and the Navy Department. 
Vacuum tubes were used as the radio frequency gen- 
erator for transmitting, and as the detector and amplifier 
in receiving. 

When the United States entered the war, vacuum tubes 
were already in use by the Allied forces for various 
signaling purposes. The French particularly had been 
quick to recognize the military value of vacuum tubes 
and had, previous to June, 1917, developed very credit- 
able tubes and apparatus. In America, tubes were in 
limited use as “repeaters” on telephone lines, and as de- 
tectors and amplifiers in laboratories and radio stations. 
The total production in this country, however, did not 
exceed 300 or 400 a week. 

Early in our participation in the war, it became evi- 
dent that vacuum tubes would be required in very large 
quantities to meet the growing demands for radio com- 
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munication and signaling. It was equally evident that 
service conditions, not hitherto anticipated, would re- 
quire great mechanical strength, freedom from disturb- 
ance under extreme vibration and uniformity of product 
sufficient to make possible absolute interchangeability 
of the tubes in sets, without the necessity of readjusting 
when changing tubes. To these conditions must be added 
that of minimum size consistent with dependable op- 
eration. 

To make such a device with its complicated yet ac- 
curately constructed metallic system within a practically 
perfect vacuum is no small problem even when done in 
the laboratory on the individual unit basis by a skilled 
operator who appreciates the delicacy of the job. To turn 
out tubes by the thousands under factory methods involves 
almost infinitely greater difficulties. How well certain 
companies, in cellaboration with the Signal Corps, have 
succeeded in solving these difficulties is indicated by the 
fact that recently the total rate of production in the 
United States of high quality standardized tubes was 
considerably in excess of 1,000,000 a year. This rate 
of production could be made many times greater on 
short notice. 

As an example of the difficulties which this quantity 
production has involved may be mentioned that of evac- 
uation. The degree of vacuum required is such that 
unusual methods of exhaust are necessary. The heating 
of the tubes in electric ovens is supplemented by heating 
the elements of the tube by excessive filament and 
plate electrical power input. Molecular pumps are em- 
ployed, necessitating an extremely large number of 
pumps to handle quantity production. Special treat- 
ment of metal parts prior to assembly is employed to 
reduce the gas given off by them during the exhaust 
process. 

Another problem is that of making the complicated 
metallic structure of all tubes exactly alike to insure 
identical electrical-properties. As an indication of prog- 
ress in this direction, it may be stated that one company 
is prepared to manufacture, in quantity, a certain tube in 
which the clearance between filament and grid is only 
0.03 in., the allowable variation being of course only a 
small percentage of this. 

Manufacturing in quantity involves careful inspec- 
tion. The problem of specifying definitely the required 
performance of tubes, the development of adequate test- 
ing specifications and the placing of standardized testing 
and inspection methods, personnel and equipment in the 
various factories so that tubes manufactured at differ- 
ent times and places would, after passing inspection, be 
uniform and interchangeable; these questions were en- 
tirely new and have been solved almost exclusively by the 
Signal Corps engineers. 

Tubes developed by the Signal Corps may be divided 
into two general classes, the tungsten filament types 
as designed and manufactured by the General Electric 
Co. and the DeForest Radio Telephone & Telegraph Co., 
and the coated filament or Wehnelt cathode types as 
developed and manufactured by the Western Electric 
Co. The coated filament tubes have thus far proved su- 
perior to the tungsten filament tubes for Signal Corps 
use. Both classes have been standardized as regards base, 
exterior dimensions, filament current and voltage and 
in addition, plate voltage and output for transmit- 
ting tubes and amplifying power and detecting power 
for receiving tubes. Except in certain special cases, 
the Signal Corps uses two types of tubes, one for trans- 
mitting and another for receiving. The French and 
the British have been using one type for both trans- 











mitting and receiving, but present tendencies of the 
British are toward different tubes for different duties. 

Vacuum tubes are now employed for electric wave de- 
tection, radio frequency and audio frequency amplifica- 
tion, radio telephony, particularly in the airplane radio- 
phone, continuous wave radio telegraphy, voltage and 
current regulators on generators and for other miscel- 
laneous purposes. However, varied as are the applica- 
tions at present, the uses, actual and potential, growing 
out of war development work have proved that the art 
of vacuum tube engineering and the application of its 
products to radio engineering, telephone and telegraph 
engineering and particularly to electrical engineering 
in general are still in their early infancy. That vacuum 
tubes in various forms and sizes will, within a few years, 
become widely used in every field of electrical develop- 
ment and application is not to be denied. 

The engineering advancement accomplished in less 
than two years represents at least a decade under the 
normal conditions of peace, and our profession will, it 
is hoped, profit by this particular salvage of war which 
offers perhaps the most striking example known of a 
minimum “time-lag” between the advanced “firing line’ 
of so-called pure physics and applied engineering. 


AIRPLANE Rapio TELEPHONE AND TELEGRAPH SETS 


Speech was exchanged between airplanes 25 miles 
apart in October, 1918, and sample sets were sent at 
once to the Army in France for trial. Several thousand 
sets were ordered and have been completed and distrib- 
uted to flying fields here and to the Air Service in France. 

The satisfactory performance of this apparatus has 
resulted in a new type of military unit known as a 
voice-commanded squadron. The commander of an air 
fleet directs the movements of the individual units in 
any manner desired; the effectiveness of the squadron 
as a military machine is thereby enormously increased. 
Other uses are in communicating information from air- 
planes to ground stations and in directing one or more 
airplanes from a ground station. Innumerable applica- 
tions will be evolved as the possibilities are realized. The 
essential elements of the airplane radiophone are the 
power equipment, the radio equipment and the antenna. 
The power equipment includes a double-voltage direct- 
current generator driven by an air fan, with a vacuum- 
tube voltage regulator. 

The radio equipment consists of the vacuum tube trans- 
mitting and receiving set and the special telephone 
transmitters and receivers. The development of a trans- 
mitter which is affected by the human voice and not by 
the enormously greater engine and wind noises is one 
of the principal features of this set. Similarly, to shield 
the ears of the aviator from the same noises required a 
special combination of sound-insulating materials sur- 
rounding the telephone receivers and suitable for use 
within an aviator’s helmet. The antenna originally con- 
sisted of a flexible copper wire several hundred feet long, 
unreeled by the aviator and trailing almost horizontally 
behind the airplane. Modified antenna using much 
shorter wires fixed to the framework are now used. 

The operation of the sets is extremely simple, all 
adjustments being made before leaving the ground. The 
only manipulation required of the aviator is that of 
the change-over switch to shift from talking to listening. 

The principal use of radio communication made dur- 
ing the war was in sending radio telegraph signals from 
observation airplanes for contrelling artillery fire. The 
French developed a set which consisted of several units, 
making the installation and operation complicated. The 
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Signal Corps developed a self-contained set, which has 
been demonstrated to be far superior to any other air- 
plane set. It consists of three units, first, the 200-watt, 
900-cycle alternating-current generator, driven by a regu- 
lating air fan and containing in a streamline case attached 
to the generator all the elements of the radio set. This 
radio apparatus is of the synchronous spark type, with 
four spark tones and nine wave lengths. The weight 
of the complete unit is only 23 lb., and the size 6 by 6 
by 26 in. The regulating air fan maintains the speed 
of the generator within 4 per cent of 4500 r.p.m., with 
air velocities between 60 and 200 m.p.h. 

The remaining units in the complete set are a vario- 
meter or tuning coil, with antenna ammeter attached, 
and the antenna system, comprising a reel, insulated 
bushing and trailing antenna. When it is realized that 
voltages of 30,000 or more are produced by this set, the 
difficulties of insulation in such restricted spaces will be 
appreciated. 

Ranges of communication 
accomplished with this set. 


of 100 miles 


have been 


AIRPLANE DiRECTION FINDER 


One of the principal problems of airplane navigation 
has been the evolution of a suitable compass, particularly 
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for night bombing work. Magnetic and gyroscopic com- 
passes have limitations at present which make reliable 
air navigation by dead reckoning impossible. 

The use of directional effects of loops or coils for 
receiving radio signals has resulted in the development 
of a radio compass for airplanes which gives positive 
information to the aerial navigator and enables him 
either to locate his position by triangulation with respect 
to two beacon land stations or to fly at any given angle 
with respect to a certain beacon station. 

The apparatus consists of two principal parts, the 
antenna coils and the tuning and amplifying apparatus. 
The antenna coils are mounted in the fuselage of the 
Handley-Page airplane, with suitable means for rotat- 
ing in azimuth. The amplifier is extremely sensitive, 
consisting of a detector and six-stage amplifier. A 
novel feature of the amplifier is the use of iron-core 
transformers for frequencies of 100,000 cycles. 

The direction of the beacon land radio station is deter- 
mined by the maximum strength of signals, in a highly 
ingenious manner developed originally by the British. 





The precision of the directional effect is remarkable. In 
fact the radio direction finder may well be called a radio 
eye, by which the aerial navigator sees one or more 
radio lighthouses which are sending identifying signals 
to guide him on his way. These lighthouses, further- 
more, have certain advantages over the normal light- 
house in that their ranges may be much greater, and they 
are not invisible in the day time nor obscured by fog and 
mist. 

The remarkable advances made during the last 18 
months have resulted in the application of radio com- 
municatien to practically every phase of military avia- 
tion. Commercial and military possibilities have, however, 
hardly been touched as yet. It is believed that radio 
apparatus will soon be as essential on aircraft as it now 
is on ocean going steamships, and that its use will enor- 
mously increase the effectiveness of aircraft. for al! 
purposes. 


Tue Lisperty ENGINE 


At the time this country entered the war, in April, 
1917, there were being built in the United States only 
four makes of engine that were developed so far as to 
be considered of any military value, and even these were 
useful only for primary training. We had no engines 
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at all suitable for service on the battle front, or even for 
the advanced training of pilots. The largest engine of 
domestic manufacture developed about 220 hp. and had 
not proved satisfactory when judged from the stand- 
point of combat service requirements. The others ranged 
in power from 90 to 135 hp. It, therefore, was evident 
that the existing American engines could be used for 
preliminary instruction purposes only and that their 
further manufacture should be limited to the training 
requirements. This was done, with the result that by 
far the greater portion of the primary training of pilots 
has been conducted with the Curtis OX-5 90-hp. engine, 
the quantity production of which was early obtained. 
This engine was particularly valuable, owing to the very 
satisfactory training plane which had been designed 
around it. The Hall-Scott A7-A 100-hp. engine was also 
extensively used at first until the production of the Cur- 
tiss engine could be brought to a point to meet all de- 
mands for primary training. 

Two European engines, the Gnome 100-hp. and the 
Hispano-Suiza 150-hp., were being put into production in 
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this country early in 1917, by the General Vehicle Co. 
and the Wright-Martin Aircraft Corporation respectively. 
These firms had obtained contracts with Great Britain 
and France, but were experiencing considerable difficulty 
in getting production under way. The production of the 
first Gnome engine was not completed until a period of 
more than nine months had elapsed, during all of which 
time English experts were present in the contractor’s 
plant and aiding the manufacture. In the case of the 
Hispano-Suiza, notwithstanding the assistance of a group 
of French.experts sent over to help get it into produc- 
tion in the minimum time, 13 months was required to 
get the first production engine on the test block and 
another month before the first delivery was made. Prep- 
aration periods were filled with the most costly experi- 
ments and the development of methods and tools for 
performing the intricate operations required by the 
design of these engines; all of which expense and delay 
had cost our Allies dearly. 

The Gnome and Hispano-Suiza engines represented the 
highest product of European design and were in a per- 
fected and standardized state, according to foreign prac- 
tice and conditions, when their production was under 
taken in this country. Nevertheless, the changes involved 
in adapting them to manufacture by American methods, 
and the development of expert workers for those opera- 
tions which could not readily be so adapted, required so 
much time that the advances made in aeronautical 
engineering rendered such engines largely obsolete for 
service at the front by the time they could be produced 
in sufficient numbers to supply any material portion of 
the requirements. 

These two engines were, however, of unquestioned 
value for advanced training purposes, the Hispano-Suiza 
in particular being a dominant factor in this work. Later 
the Le Rhone 80-hp. was put into production by the Union 
Switch & Signal Co., and, by proper utilization of the 
lessons learned in the case of the other two foreign 
engines, reasonably satisfactory progress was made in 
manufacture. This engine, too, was used for advanced 
training work. 


INCEPTION AND EXPERIMENTAL DEVELOPMENT 


One of the serious mistakes which the Allies had fallen 
into at the time the United States entered the war was 
the development of a multiplicity of types of engine 
and plane which made it impossible to have a large 
number of any one of these. As a further consequence, 
the trained personnel on the ground to operate and repair 
the machines had grown to such a proportion that it was 
estimated from 30 to 50 men were required to keep each 
one of the many types of planes in the air on the fighting 
line. Manifestly, unless this large number of trained men 
per fighting plane could be reduced by some means it 
would be hopeless to expect within a reasonable time to 
put into the air thousands of flying planes, because a 
single thousand machines on this basis would require 
from 30,000 to 50,000 men in attendance. 

The experience obtained in getting two foreign engines 
into production in this country under our manufac- 
turing methods, so thoroughly demonstrated the futility 
of attempting any such solution of our service engine 
problem as to at once eliminate its continued consid- 
eration. It was realized that copies of foreign designs 
could not be available in time and in adequate size or 
number to answer the demand for an overwhelming air 
force at the front. American air performance would 
have been very small indeed if limited by such a handicap 
as this. 


Moreover, in spite of the fact that a technical com- 
mission was at once organized and dispatched for the 
purpose of getting first-hand information on the fronc 
and in the aircraft centers of Europe, it was unthinkable 
that this country should sit idly by and wait perhaps 
months for the final definite report which should decide 
the nature and extent of our part in the Allied aircraft 
program. Since the most successful airplanes are 
designed around specific engines, and the engine involves 
the greatest expenditure of time and effort in develop- 
ment, it was apparent to a few of us who were in close 
contact with the situation that it would in all likelihood 
be possible to design, develop and produce an entirely 
new American engine, embodying characteristics which 
would render it particularly adapted to manufacture 
under American conditions, in less time than would be 
required by the commission to determine the particular 
Kuropean engines that offered the best approximation to 
the various exacting requirements of service and pro 
duction, plus the time to get it in production in this 
country. It was decided, therefore, that our efforts 
should be directed along both these channels simultan- 
eously and in addition to purchase in Europe whatever 
service equipment might be available, to tide over the 
interval while we were getting into production. 

It is apparent that the fundamental unit of engine 
design or construction is the cylinder, and that the evolu- 
tion of engine power rests mainly with the unit power 
capacity of that cylinder which could be taken as repre 
senting the largest practicable size sanctioned by the 
state of the art at that time. Starting with the founda- 
tion of this cylinder then, it was the most direct reason- 
ing to conclude that all requirements of the service for 
engines of varying power capacities could be most log- 
ically met by combining these unit cylinders into groups 
of whatever number were required to produce the several 
sizes of engines desired. This was done, and the cyl- 
inder size of 5-in. bore by 7-in. stroke was selected, after 
a careful examination of the performance of both Ameri- 
can and European engines of the then most modern 
design, as being the largest that could be relied upon 
to give satisfactory service. While originally designed 
to produce approximately 28 hp., this cylinder has been 
so developed as to yield at present more than 40 hp. as 
the result of somewhat increasing the speed and alte 
ing the functioning characteristics. The standard unit 
cylinders were to be used in engines having four or 
more cylinders each and yielding the following power 
output: 

Number of 
Cylinders 


Original 
Rated hp. 





4 110 
6 165 
& 225 
12 335 


Thus, for the first time in the history of the aero- 
nautic engine for military uses, a truly comprehensive 
design plan was evolved which in a simple and direct 
manner provided for the production of a whole line of 
engines of wide power capacities but composed of units 
that were highly standardized and therefore could be 
really manufactured, instead of being merely built. This 
was, and is, the only way in which this country could 
meet the requirements of this most vital part of the 
program. 

It must not be thought, however, that such a revolu- 
tionary decision was easy to make, or adhere to when 
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made, in the face of all kinds of adverse criticism, some 
of which seemed to be based upon adequate grounds. 
The development of new types of aircraft engines thereto- 
fore had been such a time-consuming matter that it was 
generally regarded as a thing to be avoided if any already- 
developed engine could be found anywhere which would 
at all answer the requirements. Thus the numerical 
preponderance of opinion was against the possibility of 
a standardized American engine being designed, devel- 
oped and produced in large numbers, in anything like 
as short a time as would be required to duplicate some 
European engine. The nation may well render thanks 
that its destinies in this particular were guided by such 
a far-seeing and courageous group of men, who had 
the ability to formulate such plans and then to enforce 
their realization. 

You are all familiar to some extent with the history 
of the design and construction of this engine—how 
Lieut.-Col. J. G. Vincent of the Packard Motor Car Co., 
and E. J. Hall of the Hall-Scott Motor Car Co., laid down 
the general features and got out the first assembly 
drawings personally between mid-day of May 29 and the 
afternoon of May 31, 1917, working in Col. E. A. Deeds’ 
apartment in a Washington hotel in response to a request 
for a report on the aircraft engine situation, which came 
from Howard E. Coffin, chairman of the Aircraft Pro- 
duction Board, the Chief Signal Officer of the Army, 
Col. Edward A. Deeds, chief of the equipment division, 
Signal Corps, and Col. Sidney D. Waldon, assistant chief ; 
how the order to build ten sample eights and twelves 
was given as the result of the approval by the joint 
conference of the Army and Navy Technical Board and 
the Aircraft Production Board; how the first engine, 
an 8-cylinder, was built in one month as a result of 
the enthusiastic cooperation of some 10 manufacturers, 
each of whom produced those parts for which he was 
best fitted; how the first sample 12-cylinder finished its 
official 50-hr. endurance test 82 days from the time the 
order for samples was given, and the total elapsed time 
during this test was only about 55 hr., a record-breaking 
performance, and how the success of this endurance test 
definitely removed the engine from the experimental 
stage to the realm of proved engines. 

A very gratifying endorsement of this standardized 
engine project came from the late Col. R. C. Bolling. 
whose untimely death in France cost the American Air 
Service one of its most valuable officers, and from Lieut.- 
Cols. V. E. Clark and Howard C. Marmon, members of 
the commission sent abroad to ascertain the require 
ments, which returned about this time, to the effect 
that a 400-hp. engine was urgently demanded at the 
front for the types of airplanes which it had been decided 
this country should supply, and that no engine of this 
size then existed in Europe. 

Those of us who are familiar with the difficulties and 
disappointments involved in the design, development and 
perfection of any form of intricate mechanical device 
can readily appreciate the really remarkable accomplish- 
ment represented in the Liberty engine. Therefore, it 
is not at all surprising that the representatives of the 
Allies were for some time unable to believe the full truth 
of this accomplishment. They never had heen able to 
obtain such action and were, naturally, fully convinced 
only after many varied and exhaustive tests. So well 
recognized did the value of the Libertv engine become, 
however, that the Allies had 16,741 Liberty engines on 
order at the time of signing of the armistice, and 
were constantly endeavoring to increase the rate of 
monthly delivery. Airplanes were being designed around 


this engine in all Allied countries and it was fast becom- 
ing the predominating aeronautical engine of the Allied 
cause. 

It is of interest in this connection to note that this 
standardized engine has already been tested in the 24- 
cylinder model and shown results which prove that the 
original basic idea will provide for engines of any size 
which would have been required for any probable 
increase in airplane size during years of continuation 
of the war. The 16-cylinder was also proved by the suc- 
cess of the larger engine. 

The experimental development of the Liberty engine 
has been in charge of a department entirely separate 
from that dealing with its production, the Airplane 
Engineering Department under Lieut.-Cols. J. G. Vin- 
cent and Howard C. Marmon. The work of this de- 
department has resulted in a continuous improvement 
of the power output and performance characteristics 
of the Liberty 12-cylinder, to such an extent that 526 
hp. has been obtained with special fuel and detail 
changes; certainly a remarkable increase from the 335 
hp. which the original design was intended to yield. 
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While the weight of the service engine per horsepower 
has remained at approximately 2 lb., the maximum pres- 
ent development had reduced this figure to 12/3 Ib. 


PRODUCTION-DEVELOPMENT AND PRODUCTION 


The record of production and production-development 
of the Liberty engine conclusively proves the wisdom of 
the decision to concentrate all efforts on this one engine 
for the major part of our program of combat engines. 
In common with all similar machines, many possible 
improvements and cost reductions became evident as the 
manufacturing processes and tools were evolved and 
experience was acquired in the actual production. Also, 
experience in the operation and adjustment of these 
engines led to alterations being made which resulted in 
increasing the power output; so that when we were 
informed that more power was desired than the 335 hp. 
which the original Liberty was designed to produce, the 
necessary steps were already known and the delay inci- 
dental to putting them into effect was small. The result- 
ing power increase to about 375 hp. answered require- 
ments for several months, when word was again received 
that more power was needed, and we again made 
such alterations as were required to increase the power 
to around 420 hp. The weight of some of the parts was 








Vol. V 


December, 1919 No. 6 








414 


increased at this time so that the reliability might not 
be reduced. 

The problem of production was placed in the hands 
of a separate department in charge of Lieut. H. H. 
Emmons, U.S.N., and the continuous assistance of such 
men as Henry M. Leland of the Lincoln Motors Co., 
C. Harold Wills of the Ford Motor Co., F. F. Beall, O. E. 
Hunt and Edward Roberts, all of the Packard Motor 
Car Co., were obtained by Major J. G. Heaslet, in charge 
of the Detroit district. The work of Mr. Wills which 
has the greatest value was the perfection of a new proc- 
ess for forging the cylinder blanks in sufficient quanti- 
ties to supply all manufacturers, and which was so very 
effective that the problem of cylinder forging supply and 
cost was reduced to a minor consideration. The wisdom 
of the action taken is evidenced by the production of 
1100 Liberty twelves in one year from the day when 
Messrs. Vincent and Hall first met and started a prelimi- 
nary drawing, and of over 15,000 by the end of another 
six months. 

It was perhaps to be expected that many criticisms 
would be leveled at an engine evolved under the conditions 
obtaining at that time and registering the large success 
which it represents, but all such have proved to be the 
result of misinformation regarding the conditions to be 
met and the fundamental ideas of design, or of lack of ap- 
preciation of the difficulties encountered in creating at a 
single stroke and without previous experience, an aero- 
nautical powerplant so much larger than any then in 
existence. 

The Liberty engine stands today as an achievement 
which for daring, constructive imagination and farsight 
edness will ever be a source of pride to the American 
people. 

A GRANULAR THEORY OF ARMIES 

The one unchanging factor in warfare is the individual 
physical strength of a man. The soldiers of Czsar’s 
army were physically no stronger nor weaker than our 
own. On the average,’a battalion or company of soldiers 
from one nation can march, for instance, just as far in 
a day as a battalion or company from any other nation, 
and this statement was equally true before the Christian 
era and is not likely to change in the future. 

In consequence of this fact, military supremacy must 
be looked for primarily in the weapons and agencies pro- 
vided by scientists and engineers and placed in the hands 
of these combatant units to multiply their military 
strength. 

To illustrate, the day in the fourteenth century, when 
Berthold Schwartz or whoever actually invented gun- 
powder, put together charcoal, sulphur and saltpeter, he, 
by a scientific act, and at a single stroke, exerted more 
influence upon the development of warfare and indeed the 
history of the world since that time than many armies 
have accomplished by any mere physical qualities which 
they possessed. 

Stated in another way, if our enemies in the recent 
great conflict had been made up wholly of civilizations like 
those of Turkey and Bulgaria, nearly all of the agencies 
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which I have been describing during the past hour would 
have been utterly impossible of either development or 
production by them. There were no Liberty engines nor 
airplane radio sets evolved or made in this quarter, nor 
could there be such without outside aid. 

It follows from this, that those civilizations which by 
their scientific and engineering training can create and 
manufacture these agencies, will and must control the 
fortunes of war in the future, or far better, apply these 
same agencies in a potential way to banish war from 
the world for all time. 

The present war has made aviation in four years 
what it would have taken two decades at least to accom- 
plish in time of peace, and has mu'tiplied the reach and 
capabilities of the physical military unit to an extent 
which is only now in the beginning. 

The organization of the American Air Service requir- 
ing, inter alia, the foundation of a new industry under 
the adverse conditions outlined above, involved a creative 
project worthy of the broad conceptions for which the 
United States is noted. When the United States entered 
the war, it was evident that the time was fast approach- 
ing when the reservoirs of raw material for the Allies 
were to be found only in the United States and that 
America’s efforts sheuld be so organized from the begin- 
ning as to furnish a continuous flow of this necessary 
raw material, not only for our own air program, but for 
those of the Allies as well. It was clear, for instance, 
that the spruce, the fabric, the dope and the oil must be 
produced as a part of our program on a scale to supply 
also the air programs of the Allies. It was always the 
general allied cause therefore which controlled the de- 
cisions in founding this industry, rather than the needs 
of the United States alone, and this was obviously the 
only correct point of view. 

It is believed that the major decisions which had to 
be made by those in authority were accurately made and 
promptly executed, and that as a consequence the record 
of the United States Air Service during the war shows 
a creditable performance. 

By a wise policy of readjustment, utilizing immediately 
our machines and our surplus aviators for the rapid 
expansion of the aerial mail and special passenger serv- 
ices, it will be possible to salvage for the nation a greater 
percentage of the money and energy invested for strictly 
war purposes than from any other feature of our war 
activities. 

The general principles which governed in the making of 
this enterprise in all of its ramifications of material and 
personnel, and to which the success attained must be 
attributed, may perhaps be formulated as follows: 


VICTORY CREED 


To foster individual talent, imagination and _ initia- 
tive, to couple with this a high degree of cooperation, 
and to subject these to a not too minute direction; the 
whole vitalized by a supreme purpose which serves as 
the magic key to unlock the upper strata of the energies 
of men. 
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Comparative Characteristics of Anti- 
Friction Bearings 


By Frep A. Corne.u' (Member) 


bearing design and production might be grouped 


CTIVE influences upon standards in anti-friction 
as follows: 


(1) War emergencies postponed any trends toward 
wider adoption of metric measurements 

(2) Theoretical variances of type characteristics 

(3) Contradiction in assembly practice 
Manufacturing usage in existing inch and frac- 
tional sizes 

(5) Interchangeability in maintenance 

(6) Fundamentals permitting progress 


Merric MEASUREMENTS FOR BEARINGS 


The use of American-made apparatus in France had 
many peculiar effects. Among these was a considerable 
influence upon the use of metric measurements. Before 
the war it was quite generally assumed that the use of 
the metric measurement was growing; that it would 
ultimately supplant our inch and fractional system. 
However, the quantity production of interchangeable ap- 
paratus, with all of America’s vigor, seems to have com- 
manded so much respect for everything American that 
our system of measurements comes in for its share of 
perhaps undeserved recognition. This is admittedly a 
practical statement and does not attempt to discuss the 
advantages claimed for metric measurements. 

One thing, the decreased number of requests for 
automotive parts manufactured to metric sizes is abso- 
lutely certain. This seems most noticeable in a few 
details of which I have intimate knowledge. For instance, 
there is an urgent demand in Europe for American-made 
automotive assemblies produced under our standard 
measurements. 

In England in the development of the tank program 
they were hampered by a shortage of the type of anti- 
friction bearing used most largely up to that time. There 
seemed to be considerable prejudice against the ready 
adoption of the taper-roller bearing of American design, 
in spite of the fact that it had been admirably manufac- 
tured in England for over five years. However, this 
emergency shortage of the more widely used bearings 


. gave the taper-roller bearing an opportunity which it 


improved. In the assumption of George H. Ralph, this 
situation can be summarized as follows: 


Owing to the excellent service given by taper-roller 
bearings and the number of applications which the 
ministry has been compelled to make because of a 
shortage of ball bearings, that term is now a household 
word with British designers; its advantages are being 
realized and prejudice removed 


The initial demand for American-made bearings fol- 
lowing this opportunity was for a quarter-million of 
fifteen different inch and fractional sizes for diversified 
postwar usages. 

Writing on the subject of “The Metric System in Ex- 
port Trades,” the Commissioner of the American Insti- 





1Manager, machinery and industrial appliances department, Tim- 
ken Roller Bearing Co., Canton, Ohio. 
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tute of Weights and Measures has lately made the fol- 
lowing statement: 


Here we have in a nutshell the case for the metric 
system in export trade. The investigation of that sub- 
ject by the Institute of Weights and Measures con- 
tained in my report, published by the American Society 
of Mechanical Engineers, makes clear to anyone willing 
to learn that the call for metric sizes of manufactured 
products is absolutely negligible; the only call for that 


system in export trade being its use as a price unit of 
weight 


It would appear therefore that the argument of adapt- 
ing American standards to be interchangeable with 


metric practice is not supported by any general tendency 
in this direction. 


VARIATIONS IN TYPES 


The Society’s effort toward standardization of all anti- 
friction bearings has unfortunately been based upon a 
thinly veiled purpose of interchangeability as to dimen- 
sions. The various types of bearing may be produced 
to interchangeable sizes but these sizes have wide 
variance in capacities, both radial and thrust. A taper- 
roller bearing is not interchangeable with the annular 
bearing even though the bore, diameter and width are 
the same, because the taper-roller bearing has inherent 
thrust and radial capacity and requires provision for 
adjustment; whereas the annular bearing is primarily a 
radial bearing and does not require adjusting mechanism. 

A series of sizes for annular ball bearings is a function 
of the bore and the size of the balls; whereas, on the 
other hand, a series of sizes for a taper-roller bearing 
is a function of the bore only, the same roll being used 
throughout a series. This is made necessary by the fact 
that the apex of a cone angle for roll is a constant, and 
an increase of the number of rolls therefore increases 
the angle of the roll centers with the bore and, there- 
fore, to a certain extent, also varies the characteristics 
of the bearing. 

The design of a ball bearing is controlled by the size 
of the ball and the bore; whereas a taper-roller bearing 
is controlled to a large extent by the size of the rolls, the 
length of the rolls, the center line of roll angle and by 
the bore. It does not follow therefore that a series of 
sizes for ball-bearings can be economically duplicated in 
taper-roller bearings. 

A roller for a taper-roller bearing has a certain shape, 
the mean diameter being a certain percentage of the roll 
length, based on the most economical production in con- 
sideration of the carrying capacity. The best practice 
of American motor-driven vehicles indicates that a ball 
and a taper roller have approximately the same carrying 
capacity when the length of the roller is approximately 
equal to the diameter of the ball. The diameter of the 
roller, however, will be from one-half to two-thirds of its 
length and as a result a roller bearing for a certain 
capacity and having a certain bore, would be much smaller 
in outside diameter than a ball bearing of the same 
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capacity and having the same bore. It would, therefore, 
seem self-evident that our standards based primarily on 
size interchangeability are commercial in conception and 
not technically tenable. 


INFLUENCE OF ASSEMBLING PRACTICE 


The contradiction in assembling practice is even more 
striking. in suggesting inadvisibilities of interchange- 
ability. The underlying principle of the taper-roller 
bearing is no doubt familiar to all automotive engineers, 
the basis of design being the cone, as contrasted with 
the sphere of ball bearings or the cylinder of straight- 
roller bearings. The bearing surfaces of both inner and 
outer races are frustra of cones and the rolls are also 
conical, the dimensions being chosen so that the apices 
of the three parts coincide on the axis of the bearing and 
true rolling action results. Ribs are provided on the 
inner bearing race to prevent the rolls from working out 
of the large end of the bearing and a cage or roll retainer 
is used to space the rollers and preserve accurate align- 
ment. 

The cup of a taper-roller bearing should have a press 
fit in stationary housings, such as differential housings, 
pinion-shaft housings and transmissions; whereas, under 
the same conditions, the annular ball bearings should 
have a light fit. 

It would seem, therefore, that if bearings of widely 
varying capacity characteristics were used in interchange- 
able housings, with perhaps the same means of mounting, 
one of the two might be at a serious disadvantage through 
the application of fitting tolerances and details designed 
for another type of bearing. 

MANUFACTURING USAGE AND STANDARDIZATION 

Current practice, where based on economically and 
scientifically sound conception and production, should 
have much weight in consideration of standards. The 
primary purpose of this paper is to foster a recognition 
of usage as more sound than misapplied theory. The 
largest producer of taper-roller bearings in America now 
offers a list of over 250 standard sizes, varying in capac- 
ity from that necessary to support a motorcycle, to bear- 
ings large enough for a 10-ton truck. These are now 
commercially available and a new set of standards would 
therefore appear unnecessary and superfluous. If only 
a small number of sizes were available the designer 
would have a limited selection. With a given load the 
designer could, from a larger list, select a bearing pro- 
viding very closely the capacity desired. With a smaller 
list he would either have to sacrifice capacity and select 
a bearing that woule be slightly overloaded or sacrifice 
economy and select a much larger size than was needed 
for the load involved. Any arguments in support of an 
extremely limited list would therefore appear to be with 
a short-sighted view toward manufacturing economy 
rather than to the broader economy of assembly and com- 
pact usage by a large number of customers. 

There is a further and most important economy avail- 
able to the designer through selections from a longer list 
of available sizes and capacities in taper-roller bearings. 
It has been pointed out previously that the taper-roller 
bearing offers a maximum carrying capacity in a mini- 
mum compass. It would therefore follow that a given 
load could be handled with a less expensive bearing, 
housed in a container of smaller dimensions, in many 
instances assisting in that most essential effort, reduction 
of unsprung weight. 

The matter of interchangeability in service scarcely 
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needs any explanation. There is no logic in asking the 
existing producers of widely used equipment to produce 
another and almost entirely new line of sizes. Their 
present products have been freely accepted for a great 
many years. The first duty of a supplier is to his cus- 
tomers. There seems to be no demand upon these sup- 
pliers from such customers to add additional tool and 
equipment investment or to complicate the maintenance 
of existing vehicles by supplanting sizes employed by 
them with parts made to other dimensions but offering 
similar capacities. This would compel thousands of 
dealers to maintain stocks of two lines of sizes for 
replacement in cars supplied over a period of years. 
By the end of 1919 approximately 3,750,000 automotive 
vehicles will have been produced and put into service, 
equipped with one make alone of taper-roller bearings, all 
of sizes selected from existing lists. Many of these 
vehicle manufacturers carry over their designs from 
year to year and, Since these builders represent much of 
the best that our industry offers, their opinion of not 
desiring any change or duplication has carried and will 
continue to carry weight. . 


Factors PERMITTING PROGRESS 


Repeated references to current usage should not imply 
any lack of constant development. In fact, this has 
recently been illustrated again. As previously shown, the 
design of the ball bearing is controlled by the bore and 
the diameter of the balls, whereas a taper-roller bearing 
is controlled by the bore, the diameter and length of the 
rolls and the center line of the roll angle. Application of 
these added functions to a war emergency demonstrated 
a broad fund of resourcefulness in meeting capacity re- 
quirements within a constant compass. The Class B 
military truck was conceived as a 3-ton design. But, 
when its work was finished, the committee in charge 
discovered that each of the sub-committees had designed 
their component parts with such ample factors of safety, 
involving such an excess of material, that the machine, 
with one or two exceptions, could be rated as a 5-ton 
truck. It might even be considered that it is a 5-ton 
truck equipped with a more powerful engine and heavier 
than other 5-ton trucks that have made the use of the 
motor truck in America so successful and popular. 

As originally designed, the Class B truck was equipped 
with 36-in. wheels and the worm-shaft bearing was 
selected for a loaded weight of 19,900 lb. and was pro- 
vided with 40-in. wheels. The original worm-shaft bear- 
ing selected on the lesser weight with a smaller wheel 
diameter was at first loaded to 102 per cent capacity. 
In the truck as actually built the same bearing was loaded 
to 135 per cent capacity. When the designs were com- 
pleted the fixtures for manufacture were either too far 
along to change or entirely completed. It was therefore 
essential that an interchangeable bearing of additional 
capacity be immediately designed and produced to meet 
unexpected requirements. 

The taper-roller bearing manufacturer produced a 
bearing meeting this emergency and not delaying the pro- 
duction of military vehicles. Seventeen rolls instead of 
twelve were used in the raceway assembly by employing 
a new type of cage. The first bearings were tested under 
extraordinary conditions, such as a 5-ton dead-load on the 
truck and pulling two loaded trailers. The test trucks 
operated six weeks under these conditions, running from 
6000 to 10,000 miles. The success of these tests was 
such that types of bearing other than the taper-roller 
bearing, were excluded from further consideration. 

In passing, it might be stated that American partici- 
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pation in the Great War was hasty and involved some 
waste, but in the details referred to within the scope of 
this paper, initial selections were developed permanently 
and interchangeably with the application of combined 
talents so unselfishly available. The performance of the 
bearing mechanism fittingly illustrates the resourceful- 
ness in design and in the application of the functions of 
taper-roller bearing capacity to meet even the most ex- 
ceptional conditions. These details need no more ex- 
planation than does the dependability of the B truck in 
its entirety. 

We have quoted a British authority as to American 
accomplishment in automotive apparatus but time per- 
mits of only the few hints that I have given of the many 
proofs of dependability in American equipment. Direct 
references in this paper are taken from comments of 
business associates who are qualified to speak for all of 
us because their products represent the dominant prac- 
tices in American design. It will be interesting in addi- 
tion to go behind the scenes to hear from an enemy 
analyst who is peculiarly neutral in an effort to pick out 
those Allied products whose duplication should assist 
Germany in rebuilding her export trade after the war. 
In conclusion therefore the testimony of this enemy ob- 
server during the Great War is thoughtfully submitted 
as evidence of the usefulness of American bearing equip- 
ment and economy, produced to existing standards. This 
testimony is: 


The life of taper-roller bearings is very long. This 
has been very clearly demonstrated on captured trucks. 
They (the bearings) are in almost perfect condition 
even in cars of the old types, which is remarkable con- 
sidering the hard service and limited attention during 
the war condition. This fact has created considerable 
interest, both in Army and automobile circles, and nego- 
tiations are pending for the purpose of manufacturing 
these bearings in Germany. 


Another prominent American engineer, a native of 
Great Britain with experience there, who was first asso- 
ciated in America with one of our large producers of 
trucks and passenger cars, and now in another assign- 
ment, expresses his preference for the American system 
of measurement and states his belief that there is no 
good reason for any change, saying “Stick with inches,” 
particularly with the standardization methods. He com- 
pares our system here with the chaotic discussion of 
alloy steels that is subject to the whims of every pur- 
chaser. He associates change from the American system 
with the confusion here in our various stock grades of 
alloy steel. 

I have a pamphlet here which was written in Berlin 
two months ago and deals with German industrial con- 
ditions. The last paragraph gives some of the views of 
business men in Germany and states that if Germany gets 
through the coming winter without another revolution, 
the period following will see conditions better, the mark 
worth more, wages lower and production increasing. 
These developments wil! be gradual, but Germany will 


in a few years become a competitor in the machine-tool 


market of the world. 
Tue Discussion 


W. C. Krys:—On the subject of standardization, I 
know of an instance where proposed standardization does 
not dovetail in with the largest production of a certain 
article in this country and yet it is the sense of the men 
working on this standardization that its adoption will 
be best for the industry in general. 


MR. CORNELL:—If the standardization be along a con- 
sistent line that is true, granted that the articles avail- 
able at the present time are in very general use. Yet 
when new work is laid out at any time, say within two 
years after the standardization, any engineer would by 
preference pick one of the few standardized articles in 
a consistent series covering all requirements, rather than 
pick some which do not. The same thing arose in con- 
nection with the proposed standardization of bearings 
a year ago. It was pretty thoroughly discussed with the 
result that certain standards were adopted but have not 
been generally used. 

A. M. DEAN:—I can recall a very learned discussion 
of some years ago on the question of carrying capacity 
of ball and roller bearings. At the end the discussion 
finally got down to the difference in area of a point and 
a line. Whether the matter has been decided, I am not 
certain. We have used both types of bearing. Either 
is satisfactory if applied properly. 

E. W. WEAVER:—There is such a thing as putting a 
thing over and yet not being able to make it stick. The 
American Society of Mechanical Engineers, for instance, 
a number of years ago thought to bring order out of 
the chaos existing in the machine-screw situation, by 
evolving a standard list. It was excellently worked out 
from a theoretical standpoint and would have been excel- 
lent from a practical point of view, if (a) there had 
not been other existing standards that were too firmly 
established to be easily set aside, and (b) the A. S. M. E. 
had had the autocratic power to put the standard into 
general use. 

The Society of Automotive Engineers brought out its 
line of standardized bolts and had the prestige and the 
backing in a business way not only to put it over but to 
make it stick. About a year and a half ago the small 
machine-screw situation was in much the same state as 
before the American Society of Mechanical Engineers 
took hold of it. Military necessity required standardiza- 
tion and in connection with other agencies the Aero- 
nautic Division of the S. A. E. Standards Committee 
adopted certain standards, based on practical considera- 
tions, which will probably be generally accepted. 

The paper brings out the fact that the Stand- 
ards Committee, in working out a list for adoption, gives 
more weight to the theoretical requirements of the future 
than to the practical experience of the past. I presume 
that is a good thing. It helps us correct past mistakes. 
In this particular subject new sizes are being provided 
which it is expected will supplant existing commercial 
standards at some future time. If the existing line 
covers the requirements, it will be very difficult to elim- 
inate the old sizes in favor of the new, and we will have 
added to rather than subtracted from the number of 
sizes of bearings, which, I take it, is the main object of 
the standardization work. 

After we entered the war, the Government authorities, 
expecting to solve the service question, decided to have 
all trucks of a given type just exactly alike, and instead 
of adopting an existing type giving good service, worked 
up designs of its own. Very likely the designs worked 
up were better, but the war would have had to run a 
long time before the results aimed at could have been 
achieved. Much the same results may be looked for in 
adopting as standards sizes not now in existence. 

L. P. KALB:—The subject of standardization always 
raises a question of expediency not only as to the advis- 
ability of sacrificing what we have but as to the advan- 
tages to be obtained from it. I think it is not necessary 
in standardization to throw away all we have, but I be- 
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lieve it is frequently possible, and perhaps in the case 
of taper-roller bearings, to use as a basis certain of the 
most common sizes and work up a logical sequence from 
them. 

H. H. NEwWsoM:—lIn general I believe in engineering 
practice and that engineering principles win out in the 
end. In establishing standards I think they should be 
set to the best engineering practice although they do not 
become effective at the time. They should be striven for 
and finally arrived at, and regardless of what may or 
may not happen they will come anyhow of their own 
weight. 

With reference to the metric system, I do not know 
how: long the United States will be in getting on 
her feet after the war, but I do know that any tampering 
with our system will create inefficiency. This is no time 
for inefficiency. We must strive for greater efficiency and 
increased production. Attempting anything in the way of 
a change to the metric system would be folly for some 
years to come. 

C. S. PELTON:—It does seem that in some ways the 
metric system is more convenient to handle than the 
system we use, but at present this country is in such a 
bad condition and efficiency in production is so subnormal 
that anything which would tend to disrupt conditions is 
very inadvisable. I believe that after the peace treaty 
is finally signed there will be a greater exchange of prod- 
ucts between America and European countries than ever 
before, and if at some future time there could be a 
common system of measurement matters would be sim- 
plified. 

Mr. CORNELL:—The suggestion made to work toward 
a more limited list is good. In fact, of the 250 sizes men- 
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tioned less than half are in quantity production at present. 
Many of the remainder are of necessity kept in supply 
for replacement. One producer continued an obsolete 
bearing for seven years. It was not until the design 
was changed that this part was eliminated. 

M. R. WELLS:—The matter of adopting standards of 
taper-roller bearing sizes should, it seems to me, be con- 
sidered for an entirely different reason than has been 
mentioned. Rather than attempt to make the ball 
bearing interchangeable with the roller bearing it seems 
they might be considered from two separate standpoints, 
reducing each type to as small a number of sizes as possi- 
ble. Any of the men here who have been connected with 
the supplies of the Army realize what an enormous thing 
it is to handle spare parts for a large number of differ 
ent types of vehicle. Reducing the number of bearing 
sizes to one-quarter or one-half of the prevalent numbe1 
would mean a great saving. 

Mr. CORNELL:—The tendency to decrease the number 
of sizes is right, but it should not be carried to the point 
of penalizing the customer. If the customer had a spindle 
of 114-in. alloy steel and there was no bearing of that 
size available, he would have to use a 1‘ in., which would 
stress the stock steel beyond its strength and he would 
have to use a higher priced steel. We propose to provide 
the maximum carrying capacity in a minimum space. 

Mr. WELLS :—In England when it came to war, certain 
truck manufacturers lost out completely because their 
parts were not interchangeable. The War Department 
made out its list of interchangeable parts for all makes 
of truck and those that were not standard were put on 
the black list. Trucks were scrapped rather than make 
the attempt to carry repair parts for them. 


CHARACTER OF MOTOR TRANSPORT CORPS RECRUITS 


HE psychological rating test is being applied by the Motor 
Transport Corps in the examination of the applicants for 
the special technical training schools which have recently 
been placed in operation at Camp Holabird, Baltimore, Md., 
and Camp Jesup, Atlanta, Ga. Some interesting results have 
been noted in connection with the examination of 1922 men 
at the former school who either had expressed a preference 
for the corps or had enlisted with the intention of taking the 
special training courses given at these schools. The result 
of this rating confirmed the belief that a superior class of 
men were enlisting in the corps. 
Of the 1922 men examined 1386 attained higher ratings 
than the average of all soldiers who took the test during the 


war and the average rating of the remaining 536 equalled 
that of all soldiers now being recruited. Only 137 were 
rated as low psychologicaliy and 51 as semi-illiterate. The 
536 men of average recruit mentality were rated as unsatis- 
factory for special training purposes although they were en- 
tirely acceptable for Army vocational training. Four of 
the recruits had taken a four-year college course and 319 
had spent one or more years at high school. Only 191 of 
the [17 who had had one or more years of elementary school- 
ing failed to go beyond the fourth grade, more than two-thirds 
having reached the last grade and over half of these had com- 
pleted the elementary school course. Eighteen of the re- 
cruits had spent one or more years at college. 
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Load-Carrying Possibilities of Angular- 
Contact Ball Bearings 


By F. C. Gotpsmitu' (Member) 


SemiI-ANNUAL MEETING PAPER 


Sipe discussion of this paper and the author’s reply 
were not available in time for publication in the 
September issue of THE JOURNAL with the comments on 
the other papers presented at the Summer Meeting of 
the Society. For the convenience of the members a 
brief abstract of the paper which was printed in the 
July issue of THE JOURNAL precedes the discussion. 

ABSTRACT 

} ALLS as load-carrying devices date far into an- 

tiquity. The use of hardened steel balls in racc 
ways as journal bearings is, however, of recent origin. 
Only in the last quarter of the nineteenth century were 
steel balls produced at a reasonable cost and sufficiently 
accurate in spherical form to be used in journal boxes. 
Various forms of race members were devised and ball 
bearings began to be employed to a large extent in 
industry. These early applications were subjected to 
very little load and small balls served to perform the 
functions required. Indeed, it came to be commonly be- 
lieved by mechanical men that these bearings were 
suited to carry only the lighest of loads. 

In the endeavor to secure the very low friction values 
present when balls are used in journals, means were 
devised to test the load-carrying values of the balls 
themselves, and larger and still larger balls came to be 
used. The raceways, however, showed little improve- 
ment, being merely increased in size without change in 
material or its treatment. 

The author proceeds to analyze the possibilities of 
the purely American angular-contact or cup-and-cone 
type of bearing when it is made as accurately as it must 
be made to utilize to the fullest extent the friction- 
reducing properties of absolutely round steel spheres 
confined between accurately generated and ground 

‘curved raceways of steels, as highly perfected and as 
scientifically treated as are the balls themselves. He 
also determines the load-carrying powers of such bear- 
ings and the law of variation of load-carrying capacity 
in such a bearing, since the direction of the bearing 
load may vary from the perpendicular to the axis of 
rotation, or a pure radial load, to coincidence with the 
axis of rotation, or pure end-thrust. 

Formulas for bearings with different numbers of 
balls and many curves and illustrations are used in 
making the points outlined. Both the balls and the 
races are considered as elastic units and the two as 
one piece of apparatus. The races can approach each 
other only in the line of action of the single load. Un- 
der the heading “Determining Load-Carrying Capac- 
ity,” Hertz and Stribeck formulas are again used in 
a mathematical study of the subject. The author refers 
incidentally to the highly developed and technically 
studied annular type of ball bearing of German origin. 


Tue Discussion 


K. HEINDLHOFER:—lIn consideration of the deplorable 
fact that the application of mathematics to problems of 
engineering is being more and more neglected, it is 
doubly gratifying that Mr. Goldsmith has started an 
investigation of facts that are nothing short of funda- 


‘Chief engineer, New Departure Mfg. Co., Bristol, Conn. 


Illustrated with DIAGRAMS 


mental and of the greatest importance in connection with 
the theory of combined load-carrying capacity of bear- 
ings. There are various points, however, to which I would 
like to take exception. 

One of these is found in the paragraph describing Figs. 
1, 2 and 3. The text reads as follows: 

In Fig. 3 the small arrows show how this same load 
acts with respect to each individual ball and, in 
Fig. 4 are shown the true angles between the line of 


ball contact and the line of “load application” for each 
of the eight balls 


It is an axiom of statics that action and reaction at 
the contact point of two bodies are in the direction of 
their common radius of curvature, normal to their com- 
mon tangent at the contact point, assuming that no fric- 
tion takes place between the bodies. Concerning this 
friction, it is an established fact that it corresponds to 
an angle of less than 6 deg. between the polished bearing 
parts, which is small and may be neglected for our pur- 
pose, the same as Mr. Goldsmith has ignored it. 

It might be of value to illustrate further the applica- 
tion of this principle referring to the contact forces, as 
some diagrams in the American Machinist, June 26, 
1919, page 1234, pertaining to the same subject, are also 
conducive to error. To elucidate the matter further, let 
us direct our attention to the following diagrams: Fig. 9 
and the dotted position of the body in Fig. 11 are static 
impossibilities. Fig. 10 and the heavy circle in Fig. 11 
show the correct direction of forces. 

The left-hand drawing in Fig. 12 represents a case 
which could exist only with an infinitely great normal 
load. Great loads will compress bodies in contact and 
the bodies will resume a position as shown at the right 
of this illustration. The static forces on a wedge are 
shown at the left of Fig. 13. 

The other portion of this illustration is not a possible 
distribution of forces, friction excluded. The two 
latter examples are shown with reference to the example 
common in elementary textbooks. 

Mr. Goldsmith does not seem to build up his equation 
on the principle of equilibrium by which the resultant of 
all forces and the sum of static moments of these forces 
must vanish. On account of this, his equation (28), which 
is to determine the load Po on the ball under maximum 
strain in terms of the angular bearing load P, is falla- 
cious with the exception of the special case 6 = 0, that 
is pure radial load. In this case the angle » = 0 and 
the direction of the “load application” does coincide with 
the line of contact and this explains why his check 
coincides with Stribeck’s equation. For all other cases, 
re) + 0 and his formula (28) give incorrect values. This 
can be proved readily by applying formula (28) to a pure 
thrust load, in which case 


8 = 90° cos 98 = 0, sin 98 = 1, cos (8 — 8) 


and formula (28) can then be reduced to 
P = Po 


sin 8 


sin 8 + 27 sin 8} — P, (2n+ 1) sin 8 
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Considering, however, the fact that everything is sym- 
metrical and the balls uniform, P must be in equilibrium 
with the force Po, which occurs 7 times. P and Po include 
an angle of 90 8. (See Fig. 14). Consequently 


P=Ponsin§f 


Compared with Mr. Goldsmith’s formula, the latter 
gives less than one-half of the value for P at a given Po. 
In my opinion, the problem of the angular loading of 
ball bearings is rendered statically indeterminate in an 
additional respect that seems to have been overlooked 
by the investigators. The fact is that resistance is offered 
by the shaft against angular displacement of the inner, 
relative to the outer, race which involves an additional 
feature of static indeterminacy. Two extreme cases may 
be imagined. 
(1) The shaft and mounting being absolutely stiff 
against angular displacement of the inner race, due 
to elastic deformation at the contact points 
(2) The shaft being absolutely flexible 


The actual conditions will be found between the two, 
and a solution of the problem in both cases will give 
a good idea of the actual maximum ball load. 








Fic. 10 


The condition described under (2) has been investi- 
gated experimentally by A. Palmgren (see Teknisk 
Tidskrift, April 9, 1919), and I think that it would fur- 
ther the interests of engineering and the ball-bearing 
industry if the case described under (1) were investi- 
gated in the near future, especially if a general formula 
be developed to cover all cases. 

E. Z. JAUSZ:—The efforts of Mr. Goldsmith to solve 
this important problem in a mathematical way are with- 
out doubt very commendable. If, however, the results 
brought out are incorrect, unfortunately or fortunately, 
no matter how worthy of praise the effort, the author of 
the article should not be immune from criticism. In the 
interest of the whole bearing industry I wish to call Mr. 
Goldsmith’s attention, as well as that of every engineer 
interested in this problem, to the following statement 
with reference to Fig. 4. “From an inspection of these 
angles one can readily see that, for this particular load, 
balls 4, 5 and 6, do not carry any of the load.” 

From an inspection of the angles referred *c the only 
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thing one can readily see is that the angles , and , and 
w, are larger than 90 deg. In other words, it is claimed 
that if these supplementary angles are larger than 90 
deg., the respective balls do not take part in carrying the 
load. This contention is erroneous and, in fact, in case 
the bearing is loaded as depicted in Figs. 1 to 4, the balls 
4, 5 and 6, in contradiction to the above cited statement, 
will take a certain amount of the load when we consider 
“that the balls as well as the races are elastic bodies’; 
but manufacturing inaccuracies and non-uniform elas- 
ticity of material are, of course, excluded. 

To prove this, let us assume the simple form of sup- 
porting a wedge on two balls (see Fig. 15), the section 
of an idealized cup-and-cone bearing with a load acting 
on the wedge. This support is obviously able to carry 





Fig. 11 


P as long as P and the two supporting points are in one 
and the same plane and P passes through point A. Ac- 
cording to Mr. Goldsmith’s statement, ball 2 would not 
carry any of the load or else this special case is an excep- 
tion to his general rule. The components Po and S, in 
Fig. 15, represent the loads carried by the respective balls. 
From this simple form of support it can be seen that the 
passing of the 90-deg. line X-A is not the neutral line, 
where a particular ball ceases to take part in carrying 
out the 180-deg. line Z-A. This holds good for bearings 
with any number of balls, with the single modification 
that the “zone of possible action” is not a segment, as 
shown in Fig. 15 by the angle a, but is a pyramid of as 
many sides as there are balls in the bearing, or a cone 
with a bearing of an infinite number of balls. 
ately the load is outside of this zone of possible action, 
or when the load or its line of application does not pass 
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through the point of the cone, pyramid or segment, the 
bearing ceases to be a unit in itself. 

In Fig. 1 of Mr. Goldsmith’s paper the load is repre- 
sented as passing through point P, which would result in 
a twisting moment on the shaft that cannot be resisted in 
the bearing shown and requires the employment of an 
additional bearing. But this moment also has an influence 
on the load distribution in the bearing, and thus the dis- 
tance between the two bearings also comes into play, or 
at least it should, in our consideration. (See Fig. 17). 

In the case of a pure radial-bearing, as illustrated in 
Fig. 16, angles b and © = O and a = 180 deg.; the zone 
of possible action is thus a plane and hence this bearing 
can carry in itself only loads acting in this plane, friction 
neglected. The other extreme is shown in the same illus- 
tration, a pure thrust-bearing with flat races. Here 
b = 90 deg., a 0, and the cone or pyramid is a cylinder 
and a column respectively, where the point of the cone 
is a surface equal to the one circumscribed by the ball 
pitch-circle or pitch-polygon. Even in case Mr. Gold- 
smith has assumed an absolutely stiff and infinitely long 
shaft, which assumption would make possible only parallel 
motion with the shaft axis and reduce the moment reac- 
tion, since P does not reduce at A to zero, the effect of 
the contact angle is still there to be taken into consid- 
eration. The lower balls, so to speak, will roll upward 
on the slope, because ¢ does not equal b, carrying 
the inner race with them until a resistance is found in 
the upper balls, No. 2 in our case and Nos. 4, 5 and 6, 


\ 





MW 


This condition cannot be neg- 
In the case of a grooved ball-race, this rolling 
upward on the slope would either last until resistance is 
found in the upper balls or until angle b reaches the mag- 
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in Mr. Goldsmith’s case. 
lected. 


nitude of angle 9. Radial bearings with grooved ball- 


races join the class of cup-and-cone bearings immediately 
when the load is applied at an angle to the plane of pos- 
sible action, and if the load line passes through the point 
of the cone. 

The question brought up by Mr. Goldsmith is far from 
being as simple as it is generally assumed to be, especially 
if we, among other things, attempt to take into consid- 
eration the changing with the load, due to elasticity of 
material only in the bearing itself, of the “contact angle” 
in the generally used types of ball bearings with grooved 
ball races. 

Mr. Goldsmith’s mathematical deductions being based 
on a fallacious assumption, the resulting formulas and 
curves are naturally valueless, and so is his article except 
to the extent that it will probably bring up for discussion 
an important question and lead eventually to the ultimate 
solving of the problem. However, it is well to realize that 
& great many steps have yet to be taken before the 
goal can be reached. 

I wish also to take exception to one other statement of 
Mr. Goldsmith, that when we think that the balls as well 
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as the races are elastic bodies, we realize at once that if 
we consider the actual load as divided into two component 
loads, one a pure radial load and the other a pure thrust 
load, we are working under a false premise, for the races 
can approach each other only in the line of action of the 
single load. 

We are certainly always working on a sound premise 
when we work with the components of a force, as long as 
we do the resolving and our consequent reasoning 
properly and carefully, and especially so in this particular 
case. I think that this last statement does not need any 
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proof, for the same reason that it is idle to prove that 
two plus two equals four. 
Mr. GOLDSMITH:—The comments of Messrs. Heindl- 


hofer and Jausz have proved very interesting indeed. I 
regret very much that I did not have the article printed 
according to the original draft which, although lengthy, 
was very thorough. I am sure that if I had done so, these 
gentlemen would have been better able to follow the rea- 
soning. After having studied all the comments which, by 
the way, were not altogether new to me, I still maintain 
that the reasoning in the original article is correct. Both 
Messrs. Heindlhofer and Jausz make several points in 
their comments that I am unable to understand, and I 
am sure there are others who would like these points 
explained more thoroughly. 

In Fig. 18 I have endeavored to show all the practical 
mountings for the angular-contact type of bearing. All the 
bearings shown in the drawing are of the same size and 
kind. The bearing shown is what is known as a No. 307 
S. A. E. Medium Series, 100 per cent angular-contact 
bearing, so designed as to carry approximately the same 
load in pure thrust as the so-called pure radial load. The 
bearings, as well as the shafts, are drawn exactly to scale 
and show relative sizes of bearings as well as shafts. 
Under (a) and (0b), we have a combination mounting 
of a radial and an angular-contact bearing. These 
mountings are generally used where there is thrust only, 
or where the radial load is comparatively light 
respect to the thrust. The question probably arises, 
“Why not use a pure thrust bearing?’ Because where 
speed is required a pure thrust bearing cannot be used. 
Under (c) and (d), we have the two most common 
mountings, the bearings being used in pairs opposed to 
each other; (c) shows a mounting where the cones must 
be adjusted, while (d) calls for an adjustment of the 
cups. In either of these mountings a pure thrust load, 
or a radial load in combination with a thrust load, can 
be carried in either direction. Under (e) and (f), I have 
shown what are termed duplex mountings, in combina- 
tion with single-row annular bearings. The only differ- 
ence between these two mountings is in the way the bear- 
ings are adjusted; (e) shows a cup adjustment, while (f) 


with 


calls for a cone adjustment. This duplex mounting is 
excellent, being capable of withstanding heavy radial 
loads in combination with thrust loads in either direc- 
tion. This mounting is meeting with good success as a 
high-speed grinding-spindle mounting. I have known of 
its successful operation at speeds of about 21,000 r.p.m. 
Another excellent mounting, but a rather expensive one, 
is a combination of two duplex mountings, one being con- 
structed so that it floats in the housing and takes only 
the radial load. 

Before taking up my final line of reasoning, there are 
two or three points raised by the gentlemen that I wish to 
eliminate. They have no practical value to engineers at 
large. First, I wish to ask just what an absolutely flex- 
ible shaft is, and what practical value it has in connec- 
tion with ball-bearing mountings? Second, do either of 
the gentlemen imagine that I built my entire line of rea- 
soning on the assumption that one of these bearings 
would be used to carry the load by itself? Third, both 
gentlemen mention friction in ball bearings, Mr. Heindl- 
hofer in particular, mentioning a 6-deg. friction angle. 
A ball bearing is usually called an anti-friction bearing, 
and it is generally conceded that a steel ball is the one 
object that will carry a reasonably heavy load and roll 
in any direction with the least amount of applied force. 
I have my own conception of friction in connection with 
ball bearings and would surely like to more in 
detail on this subject. I might say that a 6-deg. fric- 
tion angle is about correct for two well-lubricated, flat, 
polished steel plates pressed together; but surely Mr. 
Heindlhofer would not have us consider a ball and its 
raceway in the same class with two plat steel plates. 
Fourth, I quote Mr. Jausz, “But even in case Mr. Gold 
smith has assumed in his paper an absolutely stiff and 
infinitely long shaft,” which I was not aware I had 
assumed; and Mr. Heindlhofer, ‘“‘The actual conditions 
will be found between the two and a solution of the 
problem in both cases would give a good idea of the actual 
maximum ball load.” I would like to make clear that | 
fully realize that a shaft must deflect, but the deflection 
is generally very slight and can be interpreted in con- 
nection with the use of the A curve, as in Fig. 8. The 
task of the ball-bearing engineer is to consider each 
problem as an individual case and, in choosing the proper 
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a 
kind and size of bearing, to insist upon the essential ; : 
features necessary to the successful operation of the 
bearings. 4 kop 
To obtain some idea of the amount of this deflection, < Reins 
I stated at the beginning of this reply that the drawings one ; 
in Fig. 18 were made exactly to scale. After looking at © Sf - (—@OU | oe re 
this illustration can you conceive much of a deflection? T/ 7 \ a 
From actual calculations, assuming a bearing spacing of ‘hee a | y ABE Kew “ 
24 in. and a maximum combined radial capacity of both ar’ A ( AVL . 
. . i a ae , . 4 3 % ‘Ts vA 
bearings applied midway between the bearings and a 
machinery-steel shaft, the actual deflection would come i eee ; E™ . 
within less than 30 min., or 1% deg. q hin Mase 
Answering the last three paragraphs of Mr. Jausz’ =, " 
criticism, L agree with him that two plus two makes four, Lye 
but after carefully looking over his Figs. 15 and 17 it La Gh -« ~ } 
appears that he is trying to make us believe that six plus 5 7. £ sth 
five is four. In both of these figures Mr. Jausz has failed Ao TNE a 
to consider a fundamental axiom of statics, that when Yi Me 5 7 ry > 
two bodies are in contact action and reaction must be q F ae i ‘ pre 
QZKQ le a 
rs PQRe A 
M4 Be, 2 
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\ iy 
hh { j 
Vv inal \ Fic. 1 
oe . . 
(Oy considered as acting at their common point of contact. 
. In this particular case the action and reaction would be 
cy in the direction of the common radius of curvature of the 
Se ene : ball and race. Mr. Jausz has built his reasoning about 
a case of unstable equilibrium. What would keep the 
d wedge from moving sidewise? He has erred also in fail- 
Vo | \ ing to consider that all the balls under load in the bear- 
I : : ing must be considered as acting collectively in maintain- 
AS ing equilibrium. In studying each ball, the line of load 
b 
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application must be considered as acting at the point of 
contact between the ball and cone. In Fig. 19 at the left 
is shown how the line of ball-action acts with respect to 
ball 1, as the angle of load application shifts over 90 
deg.; please bear in mind that equilibrium is maintained 
by the other balls which are under load. In the original 
article Figs. 1 and 2 were used in only a general descrip- 
tive way, while the entire proof was built around Figs. 
3, 4, 5, 6 and 7. Quoting from the original article 
Fig. 3 is a side elevation and end view of a bearing 
containing eight balls, but the mathematical proof to 
follow considers any number of balls. The lettered ar- 
rows show the direction of the applied load as well as 
the direction of approach of the races with respect to 
the individual balls, the angle between consecutive balls 
being shown as a. In Fig. 3 the small arrows show how 
this same load acts with respect to each individual ball. 


I thought I had made clear how the load must be con- 
sidered as acting with respect to each ball that was under 
any portion of the total load. Fig. 4 shows an actual 
development of the angles between the line of ball con- 
tact and the line of load application, for each of the eight 
balls, when the line of load application makes an angle 
8 with the plane of ball contact with the cone; or, in 
other words, when the line of load application acts in 
the direction as shown by arrow No. 3, in Fig. 19. 

If the gentlemen have failed to understand Figs. 3 and 
4, they have undoubtedly failed to analyze Figs. 5, 6 and 
7, which depict clearly the individual loading of each 
ball and the effect of the infinitesmal approach of the two 
races in the direction of the load application, when the 
condition of elasticity is considered. To-elear up this 
point I have shown in Fig. 19 at the right a very elemen- 
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tary analysis of the problem. Before explaining this 
drawing I would ask both Mr. Heindlhofer and Mr. Jausz 
to explain how they account for the transition from 
approximately half the number of balls under load, when 
the load applied is a pure radial load, to all the balls 
under what is strictly a thrust load? Surely they would 
not have us believe that the transition is instantaneous, 
and that all the balls jump suddenly under the load? Fig. 
19 depicts the bearing mounting, as shown under a, Fig. 
18, but, as will be explained later, the same reasoning 
applies to all the mountings as well. I assure the gentle- 
men that it even applies to the duplex mountings shown 
under ¢ and f in Fig. 18. I shall make no attempt to 
explain these last two cases, the reasoning being long and 
difficult to follow. In Fig. 19 is shown an isometric view 
of a vertical post or shaft, the lower end of which has 
mounted thereon a soft, elastic, rubber frustrum of a 
cone. To keep the shaft in a vertical position, we have 
the upper end shown as passed through a ring, which in 
turn is held in position by four guy wires. The rubber 
conical surface of the upright rests as shown on eight 
round-ended spokes, the axis of each spoke being per- 
pendicular to an element of the conical surface of the 
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rubber cone, as well as an element of the conical surface 
of the outer retaining ring, and each spoke makes an 
angle with the plane of contact of spokes and rubber 
cone, or spokes and outer conical retaining ring. To 
simplify the reasoning, let us first consider all parts as 
inelastic and incapable of bending or deforming, with 
the one exception of the rubber conical frustrum. Let us 
consider that there is just barely enough thrust present 
to keep the spokes in place; then apply an additional pure 
axial thrust. Points b and k, points on the rubber cone- 
frustrum, will move downward to positions b” and k”. 
The upper points of all spokes will have imbedded them- 
selves an equal amount in the surface of the rubber frus- 
trum. Not changing the direction or magnitude of the 
thrust load, let us now apply a gradually increasing 
radial-load and see what happens. The points b” and k’” 
will move over to the left a fixed distance for each radial- 
load and, when the original point k has moved over to 
the point k’” and lies just to the left of the line ts, the 
upper end of the right-hand spoke No. 5 will no longer 
be in contact with the rubber cone and the spoke will 
immediately fall. This is the condition in the original 





article, where the last ball does not carry any of the 
load or when the thrust angle 06 = (90—8) deg. Going 
a step further, allowing the radial load to continue in- 
creasing, spokes Nos. 4 and 6 will next drop of their 
own weight. This dropping out of spokes, in the case 
of an infinite number of spokes, would continue and ap- 
proach as a limit one-half the number of original spokes. 
Second, let us consider the upright shaft as deflecting 
slightly as the radial load increases. This will only cause 
spoke No. 5 to drop with a slightly less radial load. 

I believe I am correct when I make the statement that 
many of our ftundamental laws of physics and mechanics 
hold good only under certain prescribed conditions, but, 
nevertheless, these same laws have untold value to the 
engineering fraternity at large and more especially to the 
practical engineer who is capable of applying good judg- 
ment and sound reasoning thereto. The practical engi- 
neer takes these laws as they are given and arrives at 
his answers in accordance with each of his particular 
problems; he is usually not in the habit of swallowing an 
elephant and straining at a gnat. 

{ wish to ask Mr. Heindlhofer, and more particularly 
Mr. Jausz, if they have considered what would happen to 
Stribeck’s proof of the fundamental loading of annular 
or radial ball bearings, for either flat or cupped raceway 
cross-sections, if they were to apply their theories of 
shaft deflection. For, if they are correct, what holds 
good in the case of an angular-contact bearing certainly 
holds good to a much more marked extent in pure annular 
or radial bearings. In Fig. 20 I have shown two identical 
100 per cent angular-contact bearings with a 15-deg. con- 
tact angle and one radial bearing of the same size and 
series; regarding general dimensions, ball-center circle, 
number and size of balls and raceway curvature, they 
are identical. As far as comparison of the so-called cata- 
log radial values is concerned, the angular-contact bear- 
ing has only 96.59 per cent of the radial capacity of the 
radial bearing, the cosine of the contact angle. There- 
fore, to begin with, if the two kinds of bearing are loaded 
in pairs under exactly similar conditions as to their maxi- 
mum radial capacities, the applied load acting midway 
between each two bearings, we can, theoretically, con- 
sider a larger deflection of shaft in the case of the radial 
than of the angular-contact bearing. Again, considering 
both kinds of bearing with exactly the same amount of 
shaft deflection, the shaft being considered as extended 
and loaded on the left-hand side, if we pass a plane 
through the theoretical ball-centers we find there is a 
clearance between the balls, cups and cones, in the case 
of the angular-contact bearings, that will permit a very 
slight rocking of the cone with respect to the cup with 
no serious effects; while in the radial bearing we have 
no clearance in this plane and, with a very slight shaft 
deflection, we would expect a pinching of both the upper 
and lower balls. Therefore, if these gentlemen are cor- 
rect in their criticisms of my article, what happens to 
Stribeck’s proof? 

I agree with Mr. Heindlhofer’s mathematical proof and 
equation P Po (27 1) sin 8; but I would like to call 
his attention to the fact that the value (27 1), in this 
equation, is a mathematical factor which represents the 
same thing that 7 does in his equation for pure thrust, 
P = Pow, sin 8; and if he had so considered it and had 
solved his equation using a 15-deg. contact angle, I am 
inclined to believe he would have recognized the K value 
for @ 90 deg., from Fig. 8 of the original article, as 
being the numerical value for the sine of 15 deg. Referr- 
ing back to Stribeck’s equation (2), the Greek character 
7, does not represent the total number of balls. The Eng- 
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lish italic n, which does represent the total number of 
balls, is the same as the character 7 in Mr. Heindlhofer’s 
equation P = Pon sin®§; and the factor (24-1) in Mr. 
Heindlhofer’s equation P = Po (24+ 1) sin 8. 

As a matter of fact, I believe it impossible to think of 
having an angular-contact bearing carrying a pure radial 
load; for even if the only load acting on the shaft is a 
radial load, the fact that the ball makes contact with the 
cup and cone at an angle, will produce a thrust load. 
Another interesting mounting of these bearings in op- 
posed pairs, which is often misinterpreted, is where 
either the cup or cone is set up with an initial tension. 
The designer often asks the ball-bearing engineer how 
the bearing can carry any radial or thrust load if the 
initial adjustment should happen to be almost the bear- 
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ing’s thrust capacity at the given speed. Under these 
very conditions it is entirely possible to carry either a 
heavy radial or thrust load, or a combined radial and 
thrust load. I have a very interesting mathematical proof 
for this condition which I do not choose to print; at 
least not at this time. Suffice it to say that it is a trans- 
fer of loads, similar to that met with in cylinder-head 
bolts on engine cylinders. 

In closing this rather lengthy reply I wish to thank 
both Mr. Heindlhofer and Mr. Jausz for their criticisms, 
for in answering them I have only convinced myself, if 
not others, that equation (28) and the curve in Fig. 8, 
are a correct solution of this problem, and that when 
made use of by practical engineers they should at least 
be of a small amount of practical value. 


OBITUARIES 


FRANK W. BACON was killed Nov. 27, 1919. At the time of 
his death Mr. Bacon was driving to Washington to take 
Thanksgiving dinner with his married daughter. He lost 
eontrol of his automobile as the result of an old break in 
the steering rod and plunged 150 ft. down an almost perpen- 
dicular embankment on Martins Mountain, near Cumber- 
land, Md. He was born at Warsaw, Ky., Jan. 6, 1867, and 
received part of his education in the schools there. When 
a young man he went to Omaha, Neb., and later became 
president and general manager of the Drummond Motor Co. 
In September, 1918, he disposed of his Omaha interests and 
founded the Bacon Motor Corporation, an automobile assem- 
bling organization, at New Castle, Pa., and was elected presi- 
dent and general manager. The corporation acquired an 
existing factory, converted it into an assembling plant and 
also made certain automobile parts. Mr. Bacon is survived by 
his widow, who was in the car but was not seriously injured, 
and by a married daughter. He was elected to Associate 
Member grade in the Society, March 14, 1917. 

J. B. McCArRTHY was killed Nov. 22 
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1919, by a cave-in on 


AIR SERVICES IN 


REPORT of the British Department of Civil Aviation 

shows that 21,000 flights have been made and 52,000 
passengers carried since the official opening of the service 
in Great Britain last May. These flights were made with 
practically no mishaps, the number of accidents being only 
13, or about 0.062 per cent. It is expected that a fast mail 
service between London, Paris, Brussels and Amsterdam will 
be inaugurated shortly. 

President Menocal of Cuba has approved the creation of 
an extensive airport at Havana, the Government having ap- 
propriated land for that purpose. This will meet the in- 
creasing demand for facilities for large transatlantic and 
transpacific airplanes and for aircraft flying between the 


the large farm which he owned at Birmingham, Mich. He 
was born Jan. 18, 1868, at Ottawa, Canada, and eventually 
became a citizen of the United States. Mr. McCarthy re- 
ceived a technical education and from 1885 to 1895 he was 
chief of power installation work for the Brush Electric Co. 
In 1895 he became chief electrical inspector for the city of 
Detroit, holding this position until 1905. He then undertook 
the publishing of a technical magazine devoted to practical 
electricity and as president of the business continued this 
activity until 1914. At this time Mr. McCarthy disposed of 
his publishing interests and became the wiring materials en- 
gineer for the National Metal Molding Co., Ambridge, Pa., 
which continued to be his business connection until his 
death. Mr. McCarthy was the inventor of numerous elec- 
trical specialties that were distributed by the National Metal 
Molding Co., and had devised some radical improvements 
for this company that were about to become operative at the 
time of his death. His farming activities were a side inter- 


est. He was elected to Member grade in the Society, April 
12, 1919. 


FOREIGN LANDS 


United States and South and Central America. An interna- 
tional aeronautic exposition will be held at Havana, Feb. 21 
to March 3, 1920. Complete aircraft of all kinds will be 
exhibited as well as engines and other accessories. Exhibitions 
of flying and air races will be held in connection with the 
exposition. Interest in aeronautics in Cuba is very marked 
and it is hoped that the exposition will arouse interest in 
the various countries of Latin America. Plans are under 
consideration at the present time for the establishment of 
aerial passenger service between the different Cuban cities. 

The Swiss Government is creating an aerial fleet. An an- 


nual credit of 1,300,000 francs for the service has been voted 
by the Swiss Confederation. 
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Aluminum Piston Design 


By E. G. Gunn! (Member) 


ANNUAL MEETING PAPER 





HERE is such a wide difference of opinion concern- 

ing the fundamental theories that we may expect 

and do find a great difference in the design of 

pistons now used in internal-combustion engines. We 

find long pistons, short pistons, some with the piston-pin 

near the top, some with the piston-pin near the bottom, 

thick heads with cooling ribs and thin heads with no ribs. 

From a thermal standpoint aluminum pistons may be 
broadly divided into two classes: 


(1) Those designed with the object of conducting the 
heat away from the head into the skirt and thence 
into the cylinder walls 


(2) Those designed with the object of partly insulat- 
ing the skirt from the heat of the piston head 


Those in the first class are usually more or less con- 
ventional in design except that they have thicker walls, 
or ribs extending down from the head. They are gen- 
erally used for high-duty engines. In these engines, 
which are usually of a rather large bore and compara- 
tively low speed, the weight of the piston is secondary to 
its ability to keep the head from overheating, and piston 
slaps are not of much consequence. Therefore, for heavy- 
duty engines pistons of the first type seem logical. A 
sketch of some of the types which come under the first 
group are given in Figs. 1, 2 and 3. 


PASSENGER-CAR ENGINES 


For passenger-car engines the conditions are somewhat 
different. The duty is lighter and the bore usually 
smaller. This lessens the tendency toward excessive heat. 
Quietness being important, close-fitting pistons are de- 
sirable. Need for good accelerating ability and smooth- 
ness in operation makes lightness desirable. These con- 
siderations have led to much development work on pistons 
of the second type. The plan followed in most cases is to 
partially insulate the skirt from the piston head, thus 
minimizing the expansion of the skirt due to heat. Some 
of the ways of accomplishing this are shown in Figs. 4 
to 11, inclusive. 

Pistons of the Long and the Franquist types are split 
to allow the piston to spring. They can for this reason be 
fitted more closely than the more conventional types. The 
conventional type with the comparatively thin wall is 
probably the most popular and for the smaller bores 
serves very well. It is simpler and somewhat cheaper to 
make than other types. In all the other types shown 
there has been an attempt to insulate the skirt from the 
head. This allows the piston to be fitted more closely, 
thus minimizing piston slaps. 

Four points are often brought up as objections to the 
use of aluminum pistons. These objections are the same 
as those encountered in the use of cast-iron pistons. 


(1) Wear 

(2) Piston slaps 

(3) Excessive oil consumption 
(4) Crankcease dilution 


1Engineer, Packard Motor Car Co., Detroit. Mich 
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Wear has been shown to be largely a function of 
original smoothness. It is unreasonable to expect long 
life when aluminum pistons are fitted to cylinders of 
relatively hard material having a rough bore. Aluminum 
has been shown to be a good bearing metal, but it must 
run on a smooth surface, as in the case of babbitt metal. 
Much attention is paid to polishing the journals of a 
crankshaft, but we often see cylinder bores, whether 
ground or reamed, which are so rough that they can be 
marked with a lead pencil, although they may appear to 
be smooth. This is undoubtedly the cause of a great 
deal of initial wear on aluminum pistons. When cast-iron 
pistons are fitted this is not so apparent. Dust in the air 
also plays a very important part in wear. Engines run 
on the dynamometer give much longer service than en 
gines in cars. 

I have lately examined a truck piston with the top ring 
worn nearly in two, and with over 1/32-in. side clearance. 
The rings and piston were both polished and showed no 
sign of scoring. This same model has repeatedly stood 
the same number of hours’ running on test with wear so 
slight as to be hardly measurable. There is no question 
that an efficient air-cleaning device would greatly pro- 
long piston and cylinder life. 


PISTON SLAPS 


Piston slaps can be overcome by using proper clearance. 
Pistons of the second design tend to make this condition 
easier to meet. Offsetting the piston-pin also tends to 
reduce piston slap. With 3!5-in. and smaller bores there 
should be no trouble due to sticking with pistons of the 
conventional design fitted closely enough to prevent slaps, 
provided the piston and cylinder are of proper design. 
There should be no local hot-spots, and care should be 
taken in the design to prevent a condition tending to 
warp the cylinder when heated. Much trouble was ex- 
perienced with sticking aluminum pistons in a certain 
inserted-sleeve engine of about 3'%-in. bore. The cylin- 
der was in the form of a block aluminum casting, with 
inserted cast-iron sleeves. Clearances up to 1/64 in. 
were tried, but still the pistons seized. The sleeves were 
removed and found to be machined so that there was an 
air-gap of 0.005 in. between the sleeve and the cylinder 
wall. These sleeves were replaced with others which fitted 
all the way down, and pistons with 0.007-in. clearance 
were then found to be satisfactory. This is perhaps an 
exaggerated case, but shows the bad effect of failure to 
carry the heat away from the cylinder bore rapidly. The 
top land of the piston must, of course, be given much 
more clearance than any other part. The next land re- 
quires less, and the least clearance can be given to the 
bottom of the skirt. The tapering necessarily increases 
rapidly as the top of the piston is approached. When the 
piston-pin is placed too near the rings, piston slaps are 
more frequent, for the clearance in the zone near the 
piston-pin bosses must be sufficient to take care of ex- 
treme heat conditions so that under ordinary running 
conditions this part of the piston has enough clearance 
to allow piston slaps. When the pin is placed farther 
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from the head the clearance can be small enough to pre- 


vent slaps. 


Some trouble has also been encountered due to fitting 


pins tightly in the piston. 


When a piston with a tight 


pin is heated, it expands and creeps out on the pin; when 
it contracts again, it hangs to the pin so that the piston 
has a greater diameter paralle] to the pin and a smaller 
diameter at right angles to it. This condition makes 
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seizing easier and slaps more pronounced. This creeping 
can be demonstrated readily by applying a blow-torch 
fiame to the head of a piston fitted with a tight pin. 
ExcEssivE O1L CONSUMPTION 
When too much oil is thrown into the cylinder bores, 
tight-fitting pistons and special rings will not completely 


overcome the trouble. A great many tests have been run 
which show this conclusively, demonstrating that: 


(1) With no control on the oil being thrown into the 
cylinder, rings which seal the top and bottom edge 
of the groove reduced the oil consumption 

(2) When the oil is properly controlled, the oil con- 
sumption is very low even with rings having an 
up-and-down clearance of 0.004 in. 

(3) With the oil controlled and with hot water circu- 
lated through the engine, the volume of liquid in 
the oil-pan increased, indicating dilution with 
fuel which passed the piston and rings. This was 
independent of the kind of rings used 

The engine was next run with a device arranged to 
heat the mixture to a temperature of about 160 deg. fahr. 
This was accomplished in such a way that the maximum 
amount of heat was applied when idling. The effect upon 
fuel vaporization was observed through a glass window 
and was clearly evident. The result was to diminish the 
amount of fuel in the oil-pan when idling, and the vis- 
cosity was not seriously affected. 

Before the installation of the heating device a black 
deposit was found on spark-plugs taken from the cylin- 
ders of cars on road test even when the oil consumption 
was very low. After the installation, the spark-plugs 
remained clean under all conditions. It has been common 
practice for a number of years to put a quantity of 
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kerosene in the crankcase oil, when running-in an engine 
to allow the bearing parts to seat more quickly. It is 
fair to expect that crankcase dilution has the same effect 
and that more rapid wear follows; hence the need for 
minimizing crankcase oil dilution with unburned fuel. 
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The Ralls Spring Suspension for 
Vehicles 


T will be realized, after very little consideration of 

the design of the normal type of semi-elliptic spring, 

which is almost universally employed for motor 
vehicles, that it can satisfactorily absorb only those 
shocks which take effect solely in a vertical direction. 
Horizontal blows and the horizontal components of forces 
other than vertical must be otherwise accounted for. 
The pneumatic tire is capable of performing some of this 
service; the solid tire on a vehicle running at speeds of 
over 5 or 6 m.p.h. is not sufficiently rapid in its action to 
do so. The consequence is that the solid-tire vehicle 
with normal springing receives, almost uncushioned, all 
the horizontal blows as well as the horizontal component 
of every shock which the wheels suffer. 

The solution, obviously, is to provide some spring- 
ing element which will counteract these shocks and 
relieve the chassis and its mechanism from this unneces- 
sary and harmful hammering. Occasional and tentative 
attempts to provide some such absorbent medium have 
been made, and of them the most practical and success- 
ful is, undoubtedly, that by G. E. D. Ralls, the managing 
director of the Birmingham and Midland Counties’ 
Transport Co., Ltd. His system of suspension was incor- 
porated in a 5-ton gasoline chassis, the first model of 
which appeared during the war. The single torque and 
twin radius rods were spherically jointed at their front 
ends; the former to a single-ended lever on a hollow 
shaft, free to revolve, thus removing all longitudinal con- 
straint from the torque rod; the latter to double-ended 
levers, keyed at about their centers to a common trans- 
verse shaft. The upper ends of these levers were forked 
and engaged horizontal plungers, which were held 
between a pair of substantial helical springs. In this 
manner provision was made for the horizontal elasticity. 
The device worked well. 

After a little modification, the front springing of the 
chassis was constructed on similar lines to the rear, and 
the actual method of carrying this into effect may be 
gathered by reference to the accompanying drawing. 


POST-WAR USE OF 


HE Director of Air Service, War Department, has issued 

a statement calling attention to the fact that after the 
deposit of ratifications of the treaty of peace by Germany and 
three of the principal associated powers, American manufac- 
turers of airplanes, engines and accessories must discontinue 
the use of all articles upon which patents are held by British 
manufacturers until a special arrangement is made through 
the Air Service with the United States Government by which 
the latter agrees to assume any liability for such use. This 


In addition to making provision for absorption of hori- 
zontal shocks, which provision is very similar in principle 
to that adopted for the rear axle, there is also means for 

















4 PARTIAL SECTION OF A NEw SPRING St 
TO THE FRONT END OF A MoToR TRUCK 


SPENSION AS APPLIED 


accommodating that extra load which front springs are 
frequently called upon to bear when the axle almost 
bodily drops into the hollow of a “wave” in the road. 
It will be noticed that this supplementary cushioning 
is partly provided by the horizontal helical springs of 
the shock absorber and partly by a supplementary sup- 
port for the spring itself. This support only becomes 
operative when the spring is considerably deflected, and 
its effect is equivalent to shortening the spring, thus 
rendering it temporarily stiffer, so that it is readily 
capable of withstanding the increased load. The short, 
additional half-leaf is provided to cushion the impact 


between the spring and a supplementary pin.—Commer- 
cial Motor (London). 


ALLIES’ INVENTIONS 


arrangement is in accordance with an agreement between 
Great Britain and the United States which provided that 
during the war the British Government would assume any 
liability in respect to the rights of the British manufacturers 
for the production of airplanes, engines or accessories by 
American manufacturers and that after the war such pro- 
duction should cease. This agreement applies to practically 
all of the Allied Powers, verbal understandings of a similar 
nature having been arrived at. 
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The 450-Hp. Napier Lion Engine 


HE all-British Lion aeronautic engine has many 

points of interest. The most noticeable feature of 

the latest model is the new type of water-jacket. 
There is now a separate jacket to each cylinder instead 
of a multiple jacket for each block of four cylinders. 
Weight is saved, and the new method of making a water- 
tight joint between the cylinder and the jacket is pref- 
erable to the old. In the former models the lower joint 
was made by a rubber ring; in the latest type the jackets 
are welded to the cylinders. 

The Lion engine, which develops 450 b.hp. at 2000 
r.p.m., weighs only 1.86 lb. per b. hp., without water, fuel 
or oil. Its twelve cylinders are arranged in three sets 
in the “broad arrow” method. Each cylinder has two 
inlet and two exhaust valves with the seats screwed 
through the head of the cylinder into the head casting. 
The valves are operated by two overhead camshafts, and 
the cams act directly upon the tappet heads, the stems of 
which are screwed into the valve stems so that the clear- 
ance may be adjusted. A spring locking ring secures the 
tappet head when the adjustment has been made. 


STARTING DEVICE 


The engine is started by pumping an explosive mix- 
ture into the cylinders and firing it by a hand-starting 
magneto. Linked control levers enable the two forward 
valves of each cylinder to be opened by hand. The air- 
pump is mounted in the cockpit, and by a two-way cock 


it ean be used first to pump pure air to the cylinders to 
expel any foul gases that there may be in the combustion 
chambers, and then the explosive mixture is ready for 
firing. The mixture is formed by pumping air through 
a vaporizer which is a form of spray carbureter. 

The three rows of cylinders are supplied with mixture, 
when running, by two carbureters, a single and a duplex 
type. The gas passages are water-jacketed. So far as 
the throttles, diffusion jets and altitude control cocks are 
concerned the carbureters resemble the HC7 type, but 
modifications have been made to adapt them to the Lion 
engine. 

The altitude control system is that of reducing the 
supply of gasoline as the machine climbs. This is, of 
course, necessary, because as the air becomes rarefied 
the percentage of air to gasoline would become incorrect 
if the flow of fuel were not checked. There is a safety 
device which causes the control to shut automatically 
when the throttle is closed. This prevents the mixture 
being too weak when the pilot makes a long dive and 
flattens out. 


LUBRICATION AND IGNITION 


Oil-pumps of the spur-wheel type are fitted and the 
lubricant is fed under pressure to both ends of the crank- 
shaft and thence along the inside of the shaft to the 
crankpins and to the big-ends and piston pins. Oil is 
also supplied under pressure to one of the camshafts on 
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SECTIONAL 


each set of cylinders and to the reduction gears. The 
cylinders are lubricated by oil splashed from the connect- 
ing-rod big-end bearings and the piston. Two scraper 
rings are fitted to each piston and the oil from the upper 
scraper ring is drained through holes cut in the piston. 

Two twelve-cylinder magnetos are fitted. They are of 
the AV12 type manufactured by the British Thomson- 
Houston Co. Ltd. Both rotate in a counter-clockwise 
direction and one has a special distributor rotor for 
starting purposes. They are driven at one and a half 
times the speed of the crankshaft to give six sparks for 
each revolution of the engine, as this type of magneto 
gives four sparks to each revolution. Two plugs are, of 
course, fitted to each cylinder. Those recommended by 
the builder are the KLG type F10. 

CRANKCASE 

The crankcase of the Lion engine is a fine aluminum 
alloy casting. The upper halves of the housings-for the 
crankshaft plain and roller bearings are contained in the 
two ends and four internal cross-webs. The lower halves 
of the housings for the roller bearings are steel caps 
carried in studs in the rear and cross webs. 


The casing for the reduction gear is formed at the 
front end of the crankcase. 


The gearing is clearly 
shown in one of the accompanying illustrations. It will 
be seen that the arrangement is very compact. There 


are six camshafts, two for each set of cylinders, one 
operating the exhaust and one the inlet valves. Only one 
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camshaft on each set of cylinders is driven by the reduc- 
tion gear; the other camshaft is geared to this. Conse- 
quently, there are three shafts driven by the bevel gear 
wheel attached to the crankshaft. The diagram also 
shows that one shaft has two bevel wheels, one of which 
engages with the bevel wheel that drives the center shaft. 
The compact arrangement by which the six camshafts, 
water-pumps, oil-pumps and two magnetos are driven is 
clearly shown. 


DETAILS OF CONSTRUCTION 


The cylinders, which are steel forgings machined all 
over, are arranged in three sets of four each, one cylinder 
being vertical, with the other two making angles of 60 
deg. with its center line. The bore of the cylinder is 
542 in. and the stroke is 54% in. The water-jackets are 
of steel and the cylinder-head which is detachable con- 
tains the inlet and exhaust passages and together with the 
valves and their actuating mechanism is made of alumi- 
uum. An aluminum alloy is used for the pistons, which 
are fitted with two gas and two scraper rings. The pins 
are hollow, of large diameter and work in steel bushings. 

The connecting-rods are machined from high-grade 


ACTIVITIES OF S 


HE Januaty meeting of the Cleveland Section which 

would ordinarily be held on the 16th has been omitted. 
The next meeting of the Section will occur on Feb. 20, in the 
library of the Hotel Statler. A paper on the Commercial 
Possibilities of Aircraft will be presented by a representative 
of the Wright-Martin Aircraft Corporation. 

Robert W. Carington has been appointed chairman of the 
Meetings 2d Papers Committee of the Mid-West Section, 
succeedin;; Mark A. Smith, who has gone to Indianapolis. 

At the November meeting of the Detroit Section, which was 
held on the 28th, about 250 members and guests listened to 
two interesting addresses dealing wrth conditions in Europe. 





special steel. The main rod, which is coupled to the pis- 
tons of the vertical block of cylinders, has lugs at either 
side which are attached to the short auxiliary rods for 
the pistons of the right and left groups of cylinders. The 
big-ends are lined with white metal. and together with 
the anchor pins and other parts work in large bushings. 
The crankshaft is machined from a solid steel forging 
with the four throws in one plane. All the journal bear- 
ings of the crank-pins are of large diameter and are 
bored out. Five roller bearings and a large plain bear- 
ing at the forward end are provided for the shaft. 

The water-pump is of the centrifugal type and is 
mounted at the rear of the engine. Its speed is half that 
of the crankshaft and the circulating water is delivered 
through a separate outlet to each of the cylinder blocks. 
A metallic packed gland and a grease cup with screw 
feed are provided for the pump. 

The engine has an overall length to the center of the 
propeller of approximately 4 ft. 8 in. and an approximate 
overall width of 3% ft. The height overall is about 3 ft. 
The fuel consumption is approximately 0.51 pt. per 
b. hp.-hr. at full load and the oil consumption is 0.02 pt.- 
Aeronautical Engineering. 


. A. E. SECTIONS 


The first speaker was C. C. Hanch, who explained that as a 
result of the war the productive manhood of Europe had:con- 
tracted the habit of idleness. He emphasized that Bolshevism 
was not new but was simply a new name for a very old con- 
dition of mind in man and existed in practically all the coun- 
tries of the world. In his address H. E. Coffin pointed out 
that economic quantity production is the life of any indus- 
trial civilization and that America is no exception to this 
general rule. The monthly meeting of the Section, which 
would under ordinary conditions be held on Jan. 23, will be 
omitted on account of the Annual Meeting of the Society and 
the automobile shows at New York City and Chicago. 


BRITISH DEVELOPMENT OF AVIATION 


HE Air Service has announced that a committee com- 
posed of the members of the British Air Ministry and of 
the aviation industry has been sitting for two months under 
the chairmanship of the Under Secretary of State for Air to 
consider the question of the future development of aviation 
on lines of increased safety. A large number of witnesses 


INCREASED RU 


CCORDING to figures recently made public by the De- 
partment of Commerce there has been a great increase 
in the importation of crude rubber into the United States 


has been called, including constructors and designers and 
representatives of the public who are interested in aviation. 
It has been decided, as stated in Parliament, to institute 
a competition open to the British Empire. Prizes, amounting 
in value to £64,000, will be awarded by the Government for 
the best plans submitted for the safeguardirg of aircraft. 


BBER IMPORTS 


recently. In October, 1919, the imports aggregated 28,888 


fan) 
tons, or three times the amount which was brought in during 


the corresponding month of 1917. 
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PERSONAL NOTES OF THE MEMBERS 


James A. Abeles has resigned as manager of the Beckley- 
Ralston Co., New York City, and has been elected vice-presi- 
dent of the recently organized Boyce-Veeder Corporation, 
Long Island City, N. Y., which will manufacture an autematic 
hand-operated fire extinguisher for motor cars, trucks, trac- 
tors, airplanes and other automotive vehicles. 

Arthur Berndt, who was formerly an aeronautical mechan- 
ical engineer in the employ of the Bureau of Aircraft Pro- 
duction, has left the United States and is now located in 
London. 

Harrison H. Boyce, vice-president and general manager, 
Moto-Meter Co., Inc., Long Island City, N. Y., has organized 
the Boyce-Veeder Corporation, also of that city. He has been 
elected president of the new organization and will divide his 
time between that and the Moto-Meter Co. 

tobert P. Burrows, who was formerly in charge of the 
commercial section, engineering department, of the National 
Lamp Works of the General Electric Co., Cleveland, Ohio, has 
been appointed sales engineer of the recently organized Elec- 
tric Sales & Engineering Co., also of that city. He will be 
in charge of all the commercial activities of the company. 

James M. Carnles is now located at Rochester, N. Y., where 
he is the representative of H. W. Noble & Co., Detroit, Mich. 
He was formerly a member of the organization staff of the 
Detroit Motorbus Syndicate. 

John Cetrule, who has been serving in the motor transport 
division of the Reserve Officers’ Training Corps at Camp 
Nyssa, Farmingdale, N. Y., has been discharged from the 
service of the Government and has accepted the position of 
assistant chief engineer with J. H. Wilhelm, Inc., consulting 
engineer, New York City. 

A. R. Clas, president of the Toledo Steel Products Co., To- 
ledo, Ohio, has been elected a director and vice-president of 
the recently incorporated Toledo Automotive Products Co., 
also of that city. 

Charles S. Crawford has been appointed vice-president in 
charge of engineering with the Premier Motor Corporation, 
Indianapolis, Ind. He was formerly engineering director and 
assistant general manager. 

J. W. DeCou, who has been factory manager of the Ross 
Gear & Tool Co., Lafayette, Ind., has been appointed vice- 
president and general manager of the recently organized 
Fairfield Mfg. Co., also of that city. 

Gordon M. Evans has been discharged from the engineer- 
ing division of the Ordnance Department with the rank of 
captain and has accepted a position in the Detroit office of 
the Aluminum Castings Co., Cleveland, Ohio. 

Harry Fosdick has been appointed vice-president of the 
Monroe Motor Car Co., Buffalo, N. Y. He was formerly a 
special representative of the Nordyke & Marmon Co., In- 
dianapolis, Ind. 

Capt. Clarence M. Foss, who has been stationed at the 
Raritan Arsenal, Metuchen, N. J., has been promoted to major 
and appointed chief of the enlisted personnel branch in the 
office of the Chief of Ordnance. 


R. G. Garretson has resigned as chief draftsman with the 
National Motor Car & Vehicle Corporation, Indianapolis, Ind., 
and has accepted a position as engineer with the Clark Truck- 
tractor Co., Buchanan, Mich. 


G. H. Hedrick, who was formerly an inspector in the Bu- 
reau of Aircraft Production and stationed at Swissvale, Pa., 


has accepted the position of service engineer with the Sam- 
son Motor Car Co., Inc., Pittsburgh, Pa. 


Capt. Harry S. Hegy, who has been stationed at the plant 
of the Locomobile Co. of America, Bridgeport, Conn., as 
officer in charge of inspection for the Ordnance Department, 


has been transferred to the tank, tractor and trailer division 
at Washington. 


Earl V. Higbee has been appointed assistant chief engineer 
with the Locomobile Co. of America, Bridgeport, Conn. 


E. L. Jaco has been discharged from the Quartermaster 
Corps with the rank of major and has accepted a position as 
district manager for the states of Indiana and Ohio with the 
Twin City Co., Minneapolis, Minn. His headquarters are at 
47 Kentucky Avenue, Indianapolis, Ind. 

Charles G. King has resigned as factory superintendent of 
the Le Roi Co., Milwaukee, Wis., and is now engaged in devel- 
opment work with the Miles Piston Ring Co., Chicago, Ill. 
He expects to sail for England in the near future. 


V. C. Kloepper has accepted a position as chief engineer 
with the Astra Motors Corporation, St. Louis, Mo. He was 
formerly chief engineer of the automotive department of the 
National Tool & Mfg. Co., also of that city. 


M. A. Mikesh, who has been serving as an inspector for 
the Bureau of Steam Engineering, Navy Department, at 
the plant of the Allis-Chalmers Mfg. Co., West Allis, Wis., 
has been discharged from Government service and has ac- 
cepted a position in the engineering department of the New- 
port Co., Milwaukee, Wis. 

Frederick P. Nehrbas, formerly general factory manager 
of the Premier Motor Corporation, Indianapolis, Ind., has 
been appointed vice-president and general manager. 


David E Ross, consulting engineer of the Ross Gear & 
Tool Co., Lafayette, Ind., will act in the same capacity for 
the Fairfield Mfg. Co., also of that city, which has recently 
been organized to manufacture differential and bevel gears 
for automobiles. 


Edward A. Ross, secretary of the Ross Gear & Tool Co., 
Lafayette, Ind., will also act as secretary of the recently or- 
ganized Fairfield Mfg. Co., also of that city. 

G. S. Salzman, factory manager and treasurer of the Grant 
Motor Car Corporation, Cleveland, Ohio, has been elected a 
director and secretary of the Toledo Automotive Products 
Co., Toledo, which was recently incorporated to manufacture 
high-grade screw machine and hardened and ground products 
for the automotive industry. 

W. S. Sandeman, who was formerly a statistical road man 
for the Findeisen & Kropf Mfg. Co., Chicago, Ill., has been 
given charge of the territory surrounding New York City 
by its successor, the Beneke & Kropf Mfg. Co. His head- 
quarters are at the Wagner Specialty Co., 1902 Broadway, 
New York City. 

Edwin M. Smith has resigned as drafting engineer in the 
engineering department of the Holt Mfg. Co., Peoria, Ill., to 
accept the position of drafting-room manager with the Pitts- 
burgh Model Engine Co., Pittsburgh, Pa. 

Charles E. Thompson, president of the Steel Products Co., 
Cleveland, Ohio, has been elected a director of the recently 
incorporated Toledo Automotive Products Co., Toledo, Ohio. 


W. E. Tregenza has resigned as master mechanic and effi- 
ciency engineer with the Canadian Aeroplanes, Ltd., Toronto, 
Ont., Canada, and is now located at Detroit, Mich. 


A. M. Wolf, secretary of the Metropolitan Section and chief 
engineer of the I. Sekine Co., New York City, has recently 
received word that the Japanese Government has officially 
approved, as subject to the Government subsidies, the Sekine 
truck which he designed and built. The truck was designed to 
conform to the particular specifications formulated by the 
Japanese Government under its subsidy bill. Before receiv- 
ing the Government approval two trucks which were shipped 
to Japan were subjected to a 1000-km. road test and others 
for hill-climbing ability on each gear, minimum turning radius 
and gasoline and oil consumption. The parts and trucks them- 
selves were inspected before and after the tests as well as 
being looked over to ascertain that the weights, measure- 
ments, equipment, etc., conformed to the Government speci- 


433 





Vol. V December, 1919 No. 6 





ENGINEERS 








434 | THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE 





fications. Mr. Wolf was one of the organizers of the Ameri- Etttort, Epwarp (M) assistant chief engineer, Osgood Bradley 
Car Co., Worcester, Mass... (mail) Worcester Automobile C.ub 


can Motors Corporation, and while with that organization 44 Front Street 

aesigned the American Six. FABRIQUE NATIONALE D’ARMES DE GUERRE (Aff.) Herstal-lez-Liége, 
Belgium, Representative Alexandre Galopin, general manage! 

FIRTH-STERLING STEEL Co. (Aff.) McKeesport, Pa Representative 
Roy H, Davis, general manager! 

FLANNERY, WALTER R. (A) salesman, Vanadium Corporation of 

America, Vanadium Building, Pittsburgh, Pa 








FLEMING, Dio C. (M) assistant inspector of ordnance materials and 


— 
Nn motor vehicles, Holt Mfg. Co., Peoria, Ill 
p l & a S GARDNER, FI » W (A) vice-president I charge of production 


Gardner Motor Co., St. Louis, Mo 





GIBBONS, H RALSTON (M) experimental engineer, Hyatt toller 
4 


° » Bearing division, General Motors Corporation, Newark, N. J 
GILLES PIERRE P (M) chief engineer, McFell Signal Co., 2857 
/ South Halstead Street, Chicago, Ill 


TOLDMAN, FirsT Lieut. JAY M. (A) general 


Fs iff, Quartermaster 
Corps, Washington, (mail) 1743 Munitions Building 
GORMAN, THOMAS J (J) engineer and purchasing agent, Meteor 





Motors, Inec., Philadelphia, Pa., (mail) 8538 Franktord Avenue. 


a Gross, MORTON G. (E. S.) student, Armour Institute of Technology, 
The following applicants have qualified for admission to Chicago, Ill., (mail) re Cal 1 


the Society between Nov 22 and Des 27, 1919 The vari- HAGEMAN, DON p (J) Curtis Bay Copper & Iron Works, South 
ous grades of membership are indicated by (M) Member Baltimore, Me 








(A) Associate Member: (J) Juni ( Aff.) Affiliate (Aff H NCHETTE D. N. (M) assistant engineer, Elwell-Parker Electric 
Rep.) Affiliate Representative; (E. S.) Enrolled Student Le, Cieverone, Ome, (malt) 10805 Mull Avenu 
(S. M.) Service Member; (F. M.) Foreign Member = poe. : oa = Mi val . oy — age 2 - ; 201 poner a 
St ‘ 
- HAS HowaAl B. (J) xperimental engineer, Ford Mot Co 
D ( Wiel (1 i ) 120 P t Ave 
AINSWORTH, sERTRAM W. (M) truck sales engineer, Locomobile Hist, KA I (EF. M.) engineer, Mitsui M ig Co., Surugacho 
Co. of America, Bridgeport, Cor Nihoubas 1 Tokyo Japa 
AYERS, MARQUIS H. (E. 8S.) student. University of Michigan, Ann H , THOMAS MARTIN (J) designing draftsman, Electric Wheel 
Arbor, Mich., (mail) 805 East Huron Street Co VYuincy, Ill., (mail) 631 Je y Street 
BAKER, GEORGE C. (M) body designer, James Cunningham, Son & HOLLISTER, WILLIAM H. (A) sales engineer, Imperial Brass Mfg 
Co., Rocheste \ Y., (mail) 346 Woodbine Avenue Co., Chicago, II] (mail) 14 South Euclid Avenue, Oak 
BALDWIN, CurRTIS C.. (M) president, Savage Harvester Co., Sparta, Park, Il 
Mich., (mail) Box 1258, De er, Col HOLMAN, EAI 7 & S.) student, Universit of California, Berke 
BATESOLE, DWIGHT EDWARD (M) me inical engineer, Norma Co ley, Cal., (n ) 2717 Derby Street 
of America, Anable Avenue, Long Island City, N. Y HOPKINS, A. R. (J) chief draftsma Lang Body Co Cleveland, 
BATTERSON, D. C. (J) mechanical engineer, Williamson Hydrauli« Ohio, (mail) 495 Hast 123rd Street 
Clutch Co., Mount Vernon, Ohio, (mail) Y. M. C. A HORNER, FRANK G, (M) automotive engineer, Alaska Autosleigh 
3ERG, Roy E. (J) editorial department, Motor Age, Chicago, IIL, Co., 907 White Building, Seattle, Wash 
(mail) 11249 Longwood Drive HoTz, ALF. M. (A) president and manager, Hotz Foundry & Mfg 
Biacar, P. E. (J) student, McGill University, Montreal, Canada, Co Bre mt, Ohio 
(mail) 70 MeGill College Avenue HUBI . DENNIS L. (M) engineer, truck division, American Auto 
BIRCHLER, Harry I. (J) mechanical draftsman, Fifth Avenue Coach Trimming Co., Detroit, Mich., (mail) 218 St. Clair Avenue 
Co., New York City; (mail) 26 West 125th Street JASCHKA, JOHN H. (M) sales engineer, National Malleable Cast- 
Bisp, WILLIAM Epwarp (J) draftsman, Militor Corporation, Jersey ngs C ( eland, Ohio, (mail) 7706 Platt Avenue 


City, N. J., (mail) 80 Zabriskie Street JEN NS \. F. (M) genera uperintendent, Dort Motor Car Co., 
BouN, CHARLES B. (A) president, Charles B. Bohn Foundry Co I t, Mich., (mail) 1214 Avenue C 

738 Hard Avenue, Detroit, Mich JESCH, PA JOHN (A) designer, Brewster & Co., Long Island City, 
soon, ARTHUR (M) engineer, International Fabricating Corpora N. Y., (n ) 1032 Washington St., Hoboken, N. J 

tion, Wilkes-Barre, Pa JONES, ARTHUR (A) president and treasurer, Arthur Jones Electric 
BRAMWELL, JOSEPH W. (M) sales engineer, American Bronze Cor- Co., 2837 South State Street, Chicago, Il 

poration, Berwyn, Pa J ES. HUGH I (A) assistant metallurgist, Willys Morrow Co., 


BROSSEAU, CONRAD L. (J) sales promotion engineer in China, Inter Bimira, N. 
national Motor Co., New York City, (mail) care of Andersen KEENAN, WILLIAM J (A) trucl engine draftsman Bethlehem 
Meyer & Co., Shanghai, China Motors Corporatio Pottstown, Pa., (mail) Box 291 

BROWN, FRED (A) president, Brown & Kragness, New York City, Ix ER, GROVER E. (A) tool designer, Holt Mfg. Co., Stockton, Cal., 
(mail) 2405 Broadway (mail) care of Y -— _ - Portland, Ore 

Burr, HarRy BALDWIN (A) sales engineer, Klaxon Co Newark KI ac, R PH §S (J) layout draftsman, Dort Motor Car Co 
N. J., (mail) 3066 West Grand Boulevard, Detroit, Mich Flint, Mich 

BusH. PuHI-tie M. (A) assistant general manage and treasurer KIN LLEWELLYN A. (M) chief inspector, National Motor Car & 
Bush Mfg. Co., Hartford, Conn., iil) 198 Kenyon Street Vehicle Co., 243 Belle t e Street, Indianapol Ind 

CAVANAGH, EVERETT (M) sales engineer, Bimel Spoke & Auto Wheel KNAPP, ARTHUR (A) president, Arthur Knapp Engineering Corpora- 
Co., Portland, Ind tior 19 West Forty-fourth Street, New York City 

CEDERLEAF, FRED W. (M) chief engineer, Sparks-Withington Co KNocH, F. E. (M) general superintendent, United Oil Co., Florence, 
Jackson, Mic » (Mall) 05 South T! mpsor Avenue Colo 

CHEEL, HAROLD WI 1AM (J) Bonner-Charter Motor Co., Chicago, KNOPP, W. R. (A) ule department engineer, Dayton Engineering 
Ill., (mail) 5066 Broadway Laboratori« Co., Dayto Ohio 

CONHEIM, RICHARD J. (A) president. Metals & Chemical Corpora- KNI EN, H. I (M) chief engineer, Iron Mountain Co., 927 East 
tion, 3312 Woolworth fuilding, New York City Ninet fhittt street Chicaado, I 

Cox, CAPT ABRAHAM BEEKMAN (MY) testing and experimental [,.ANNON, JOHN ID. (A) super tendent, Savage Arms Corporation 
work motor sectior Ordnance Reserve Corp Lil t Sharon, Pa 


Street. New Jy k City. [A v P \ LD 


\I (A) proprietor ectric Service Station, Cedar 


CUTTER, JOHN D. (M) metallurgist, Crucible Steel Co. of America Rapids, Iowa, (mail) 616 Second Avenue 

Pittsburg] Pa (mail) 473 Lafayette Boul ird, Detroit, Mich Lu W EF. (M) mechar l engineer, 660 West 180th Street 
DAHI BRUNO (M) engineer, automotive department, Standard Steel New Y k City 

Car Co., Pittsburgh, Pa (mail) 72 Coal Street, Will sburg 


LEWIS, RoBErRT P. (J) aeronautical draftsman, Naval Aircraft Fac- 


Pa tory, League Island Navy Yard, Philadelphia, Pa., (mail) 1340 


DALTON, JOHN (FE. S.) student, Cornell University (mail) 777 Spring Garden St 
Stewart Avenue, Ithaca, N. Y LOcK Wor Ee. H. (M) assistant professor of mechanical engineer 
Davies, J. E. (A) president, Alberta Foundry & Macl e Co., Ltd ing, Sheffield Scientific School, Yale University, New Haven, 
Medicine Hat ilberta Canada C'on ie 1il) 51 Sheldor Terrace 
DE FLoREz, Luis (M) Cochrane, Harper & Co., 60 State Street MCWILLIAMS, JAMES BrRuCE (M) general manager. Hero Mfg. Co., 


Boston, Mas Twenty-third nd West Moreland Street Philadelphia, Pa 
DICKEY, ERNEST (M) assistant chief engineer Domestic Engineering MACK, ERNEST D. (A) mechanical and electrical engineer, Mack 


Co.. Dayton. Ohio Brother Ir Reno, Ne (mail) Box 635 

DIcKOVER, TI. CLAYTON (A) production engineer, Maccar Truck Co., MACILAREN. ALFRED M. (A) sales engineer, S K F Industries, Inc 
Scranton, Pa 115 New Montgomery Street San Francisco, Cal 

DOERR, ARCHIBA Loyp (A) Pacific coast district manager, MANUFACTURERS AIRCRAFT ASSOCIATION, INCc., (Aff.) 501 Fifth 
Clydesdale Motor Truck Co., Clyde, Ohio, (mail) Hotel Whit- Avenue, New York City Representatives Luther K. Bell, in- 
comb, San Francisco, Cal formation department Samuel S. Bradley, general manager 


EDWARDS. FATON G. (A) G & O Mfg. Co., New Haven, Conn., (mail) MEANS, RALPH P. (M) general manager, Carde Stamping & Tool 
217 Nicoll Street Co., Saginaw, Mich., (mail) 513 Cedar Street 














December, 1919 





MERCHANT, Roscoe C. (M) sales engineer, Covert Gear Co., 
967144 Woodward Avenue, Detroit, Mich. 

Morris, HARRY T. (M) 
Bethlehem, Pa 

NoBLE, W. W. (A) 
Carbon Steel Co., 


Inc., 
metallurgical engineer, Bethlehem Steel Co., 


secretary and assistant 
Pittsburgh, Pa., 
ARL FRANCIS (J) 


New 


general sales 
(mail) Box 1591. 

engineer, 
(mail) 74 


agent, 


OGREN, (¢ 
poration, 
jon, DY. YF. 

OSTROM, CLAUDE C 
nance Co 


plant 
York City, 


American Bronze Cor- 
Kenilworth Place, Brook- 


(A) sales 
, Washington 


manager, Washington Steel & Ord- 


PaTCH, HARRY M. (A) engineer, Patch Differential Co., Seattle, 
Wash., (mail) 4323 Tenth Avenue, Northeast 

PATTULO, MILTON D. (J) service manager and tractor engineer, 
Monarch Tractor Co., Watertown, Wis., (mail) 308 South 


Sixth Street 
PETRELLI, JOSEPH \V Sr. (A) 
Haven, Conn 


PIETSCH, LAWRENCE 
it Co., 


proprietor, Navy Gear Mfg. Co., New 
WILLIAM (A) lubricating engineer, 
Chicago, Ill., (mail) 665 Diversey Parkway. 


EDWARD CHARLES (J) 


Standard 


POHLMANN, assistant editor, American Gar- 


age and Auto Dealer, Chicago, Ill., (mail) 116 South Michigan 
Avenue 

POUNSETT, FRANK H. (M) mechanical transport inspector Canadian 
Army, Ottawa, Ont., (mail) 21 Tennis Crescent, Toronto, Ont., 


Canada 
PRUDEN, R. M. (J) foreman, 
(mail) 510 First Street 
PuSEY, WESLEY B. (J) 
Charles City, Iowa 
RANDALL, J. MALCOLM (J) 
Truck Co., 


Advance Rumely Co., La Porte, Ind., 


engineering department, Hart-Parr Co., 
experimental engineer, 
Wabash, Ind., (mail) Box 44. 

* (J) designer, Packard 
, (mail) 308 Putnam Avenue 
R. (M) chief engineer, 
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Mich., (mail) 1370% 

CARL-R. (M) chief draftsman, engineering department 
Wheeler-Schebler Carburetor Co., Inc., Shelby, Sanders and 
Bath Avenues, Indianapolis, Ind 

RICHARDSON, FRED J. (M) 
& Vehicle Corporation, 


Service Motor 


RAUHAUSER, 
Detroi Mich 
REPLOGLE, JOHN 
Detroit, 


GEORGE ( Motor Car Co., 


Frigidaire 
Helen Avenue 


Corporation, 


REYNOLDS, 


issistant engineer, 
Indianapolis, Ind 


National Motor Car 


LICH ARDSOD G. F. (A) foreman, Marburg Brothers, Inc., New 
York Cit (mail) 2289 Pitkin Avenue, Brooklyn, N. Y 

RITCHIE, LIEuT.-CoL, J. M. (S. M.) chief of operations division, 
Motor Transport Corps, Washington, (mail) 1824 Sixteenth 


Street, Northwest. 

ROBERTS, EDWARD K. (M) sales manager, Bush Mfg 
Conn., (mail) 179 Kenyon Street 
RoppEwIc, GIL F. (J) Velie 

line, Ill 


RoGers, C 


Co., Hartford, 


draftsman, Motors Corporation, Mo- 


ARENCE E. (M) chief engineer, Huffman Brothers Motor 


Co., Elkhart, Ind., (mail) 1020 West Franklin Street 
Roor, Rosert M. (M) chief engineer and vice-president, Laurel 
Motors Corporation, Anderson, Ind, 


ROSENBLOOM, ABRAHAM E. (J) layout draftsman, Buick Motor Co., 
Flint, Mich., (mail) 410 East Witherbee Street 


ROTHWEILER, H. N. (A) _ proprietor, Rothweiler & Co., 
Wash (mail) 2962 First Avenue, South 

ROWAN, FRANK J (A) Superior 

SANDERS, R. H. (J) draf 


Seattle, 


Street, Racine, 


Wis 


1an, Duplex Engine Governor Co., 


n Brook 
Third 








lyn, N. ¥ (mail) Place 

ScHULT, PauL F. (J) draftsman, Packard Motor Car Co., Detroit, 
Vicl (mail) 1190 Crane Avenue 

SCHWATT, ERWIN TL. (J) general manager, Auto-Marine Supply 
Co, Atlantie City, N. J., (mail) 1226 South Fifty-eighth Street, 


Philadelphia, Pa 
SERRE, CHARLES (F. M.) chief 
Automobiles Renault, 


and 
(Seine) 


engineer 
Billancourt 


technical director, 


France, (mail) 55 


Rue Molitor, Paris, France 

SmitH, H. R. (M) designer, Domestic Engineering Co., Dayton, 
Ohio, (mail) 24315 West Herman Avenue. 

SPURLIN OLIver C. (A) assistant general superintendent, West- 
ern Electric Co., Inc., Chicago, Ill., (mail) 224 South Ridge- 


Oak Park, Ill 





STEWAI 1: E. (J) draftsman, Holt Mfg. Co., Stockton, Cal., 
(ma East Sonora Street 
STOLL. HERMAN (M) chief draftsman, Willys-Overland Co., Toledo, 


Ohio, (mail) 
STRIFDFR, 


Engineering Department, Boulevard 


Epwarp H (A) Hughes White Truck Sales Co., Dayton, 
Ohio, (mail) 217 Bosley Street, Cincinnati, Ohio 
TERRY, JOHN B. (M) chemist, Standard Oil Co. of California, Rich 


ond, Cal 
THOMPSON, C. N 

Ohio 
THOMPSON, 
section, 


(M) engineer, Chandler Motor Car Co., Cleveland, 


RUSSELL GRIFFITH (M) engineer, automotive equipment 
Westinghouse Electric & Mfg. Co East Pittsburgh, 
Pa., (mail) 483 Campbell Street, Wilkinsburg, Pa 


TORGERSON, ALFRED Cc (A) engineering 


manager, ‘Torgerson 


Brothers, Billings, Mont partner, Main Street Garage, 7 Main 
Street inaconda. Mont... (mail) tox 906 

VAN DeErRvoortT, F. M. (M) chief truck and tool designer, Mitchell 
Motors Co.,. Racine, Wis., (mail) 221 Eleventh Street 


WAERNER T. A. (M) engineer 
New York City 
WALSH, EMMET I 


sion 


Tide Water Oil Co., 11 Broadway, 

(M) engineering department, motor truck divi- 

Ouartermaster General's Office, Washington, (mail) 1337 
E»st Eighty-fourth Street, Cleveland, Ohio 

WALTER. CHARLES TAYLOR (FE. S.) student. Armour Institute of 
Technology. Chicago. Ill... (mail) 6404 Kenwood Avenue 
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WEIHER, GEORGE F. (A) service engineer, Automotive Mfg. 


Dayton, Ohio, (mail) 594 West Fifth Street. 

WILLIAMS, MAJOR-GEN. C. C, (S. M.) chief of ordnance, War De- 
partment, Washington. 

WILLIAMS, FRED D (A) general 
Tacony, Philadelphia, Pa. 

WILSON, CyrRIL (J) layout draftsman, National Motor Car & Vehi- 
cle Corporation, Jndianapolis, Ind 

WINCHELL, HAROLD B. (J) engineer, William & Harvey 
Inc., Frankford, Philade lphia, Pa. 

WoLFr, JOHN F., Jr. (J) mechanical engineer, Schwarz Wheel Co., 
Frankford, Philadelphia, Pa. 

Woop, C’'LARENCE P. (M) 
Mfg. Co., Bulletin 

WYNNE, RICHARD J. 
Sears, 
lk 


Co., 


manager, lL. H. Gilmer Co., 


Rowland, 


vice-president and engineer, 
Building, Philadelphia, Pa 
(J) chief draughtsman, gas engine department, 
Roebuck & Co., Chicago, Ill., (mail) 4018 North Ash- 
ind Avenue. 
YENAWINE, W. D. (A) inspection 
tion, Long Island City, N. Y., (mail) 167 First Avenue. 
YouncGc, Capt. G. R. (S. M.) chief of engineering branch, 
Transport Corps, Seventh and B Streets, Washington. 


Langwood 





foreman, Oakland Service Sta- 


Motor 
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with regard to those listed which the Council should have 
for consideration prior to their election. It is requested 
that such communications from members be sent promptly. 
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ABRAHAMS, ARTHUR I., commercial engineer, Hale & Kilburn Cor- 


poration, 1800 West Lehigh Avenue, Philadelphia, Pa. 
BARBER, LOUIS, designer and engineer, National Screw and Tack 


Co.. East Seventy-fifth Street and Stanton Avenue, Cleveland, 


Ohio. 
3ARLING, WALTER HENRY, aeronautical engineer, airplane engi- 
neering department, Bureau of Aircraft Production, McCook 


Field, Dayton, Ohio 

BARTON, CLARENCE H., tractor and engine designer, Weidely Motors 
Co., Indianapolis, Ind. 

BENNETT, HUBERT D., 
Inc., Toledo, Ohio. 

Berry, O. C., associate professor of gas and automotive engineering, 
Purdue University, Lafayette, Ind. 

Betz, IRVING K designer 
Hammond, Ind 

BIGELOW, W. C 
City 

BRAND, MAURICE S 
Motor Co., New 


assistant chief clerk, Willys Overland Co. 


and president, Betz Motor Truck Co., 


sales manager, Yale & Towne Mfg. Co., New York 


designing 


York City. 
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The DOUBLE ROW Type. 


EMEMBER that the primary 

function of an _ anti-friction 

bearing is to prevent loss of 
power between rotating shafts and 
adjacent mechanism. If this were 
not so, the old practice of using plain 
bushings would be just as good. 


Only that bearing is valuable which 
reduces frictional loss most completely. 


The ball type does this most effectively. 


Cw 


Ball 


The New Departure Double Row is the 
highest expression of the ball bearing for 
thrust and radial loads, since the angular 
contact of balls and races permits a free 
and true rolling motion at all times. 


No climbing of races due to centri- 
fugal action. No wedging, no binding, 
no cramping. 


The New Departure Mfg. Company, 
Bristol, Conn. 463 Detroit, Mich. 
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Joseph A. Anglada 


A service in the investigation and reporting on new auto- 


motive apparatus or complete vehicles Tests—construc- 

tion and development work. Our engineers will help you 

solve that problem. Write for particulars of service. 
ee!) eee poeeorwsneess icieeuns -U. 8. Tire Bldg. 
Es cere eet easceeerreseocorereee ss R. E. Trust Bl dg 


on 6 cose cbvioneaw seeues-ev “Marquette Bldg 
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Is open for small car, truck or tractor fuel problems 
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for 
Trucks 
and 
Tractors 


The Oil is Forced 
to Every Bearing! 


Because it is the only positive method to lead the lubri- 
cant to the points where bearing pressures are greatest. 


Because it is the only method to insure that the undesir- 
able heat generated by the friction cf each bearing is 
carried away with the desirable rapidity. 


Because it is the only positive method to control and 
regulate with that degree cf accuracy necessary to insure 
every: bearing having its full quota of oil, while positively 
preventing excessive oil consumption and consequent 
fouling of spark plugs. 


Because the simple oil pressure gauge will at all times 
give the driver that confidence which can only come when 


he knows that each bearing is being properly supplied 
with oil. 





[ee In the Hercules design all this is accomplished without the 
the Chicage and added complications of separate oil pipes and connections 


Nee Verk Stheue by a simple fool-proof system of cast-in tubes and drilled 
oil ducts. 


Remember that faulty lubrication takes its toll in trouble, 
time and money. 


The Hercules Motor Mfg. Company 
Canton Ohio 












AAA AANA TTT 


DN a 
TTTTTNVUINVNTVIIVTCNUTINT un vanviviv Tg MRMTTnn ian) unUTMTivvTINTTRRTIOUTNITMTITTTNUTTITTTNTTTVUTNUTITEITTTT NUTT 

| pail) { 1 \ H TATTLE HE tHE WAAATANUHINTE mi} HHL LL | | 

| 

| 





MM MMT RTO 











THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS December, 191 





‘Up to ane ~ 





A makeshift is at best only a makeshift — 


i 


: \ 


ARRISO 


Aber Blankets —a piece of card board over part of the radiator 
A 


core—radiator hood covers —and other makeshift methods are 
all typical of winter driving with the average car. 


On a car equipped with a Harrison Shutter Radiator, auto- 
matically controlled, the motor is automatically maintained at 
a uniform temperature when driving. After stopping the car, 
before the motor gets cold, the shutters close automatically— 
retaining the heat of the engine within the hood. 


Maximum engine efficiency when driving—with shutters 
closed and motor protected when stopped—winter driving is 


indeed a pleasure if your car is equipped with a Harrison 
Shutter-Controlled Hexagon Radiator. 


Harrison Radiator Corporation 


General Sales Offices: General Offices and Factory: 
Detroit, Mich. Lockport, New York 
Shutter- 
Controlled 


_ HARRISON 





pa @N Hexagon 
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A PRINCIPLE OF TRUCK PERFORMANCE 


It’s continuous performance that earns the profits 


It represents nothing untried, nothing experimental. 
on your truck or fleet of trucks. 


Rather, it represents the co-ordinated thought of 


. : a the foremost engineers, for more than a ge atio 
The truck on the job is the earning truck. The =_— 5 ’ ore than a*ecueracon. 
truck in the repair shop loses more than the cost [It is a proved certainty. “It is America’s Standard.” 
of repairs—it loses time. Lost time is lost earnings. - _ ‘ , . 
; ; 5° Today 165 successful manufacturers of automobiles 


and trucks, by equipping their output with the Red 


Upon the motor—more than upon anything else— Seal Continental Motor, vouch for its integrity. 


depends the character of service your truck will 
o1V If you can depend upon the motor you can, 


Upwards of 16,000 dealers base their business pros- 
in most cases, depend upon the truck 


perity, their business future, upon Continental-mo- 


oe : 7 tored cars. 
Motor dependability widens the users’ profit mar- 


+ & * * * * 


When you buy a truck—or automobile—look first 
to the motor. 


What is its record Has it proved itself? Has it 
withstood the one true test of a good motor—the 
test of TIME? 

* * * * * * 
Apply this test—and your choice will be the Red 
Seal Continental Motor. 


The Red Seal Continental has stood the test of 
time, and service—during more than fifteen years. 


Hundreds of thousands of satisfied owners are liv- 
ing testimonials that the judgment of these manu- 
facturers and dealers is right. 

+ * * * * » 
\When you buy an automobile or truck, choose a 


motor that TIME has proved—and identify it by the 
Continental Red Seal. 


CONTINENTAL MOTORS CORPORATION 


Offices: Factories: 
Detroit, Michigan Muskegon—Detroit 


Largest Exclusive Motor Manufacturers in the World 


Truck Shows 
New York—8th 
Coast Artillery 


Passenger Car Shows . 

New York—Grand Armory, Main 
Central Palace— floor—Space 14- 
Booth C-47. 15-16. 








Chicago — Colissum Chicago — Interna- 
—Booth 50-51. tional Amp hi- 
theatre—Gallery— 

Space 16-17. : 


os 
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Over all kinds of roads,"rural’and*ur- 
ban, over mountains and through 
valleys, year in and year:out, summer 
and winter—WOOD wheels carry you 
and the car weight. 


They absorb thousands of road shocks 
in every mile traveled—shocks which 
if not absorbed would damage your 
wheel bearings, or if transmitted to 
the axle-housings would soon cause 
crystallization. 

Your faithful servants--WOOD 
Wheels. 


Seldom do you even give them a thought 
and rarely do they need attention. 
This is another reason why WOOD 
Wheels have been used for years and 
will continue to be used on the world’s 
best cars. 


AUTOMOTIVE WOOD WHEEL 


MANUFACTURERS’ ASSOCIATION 
105 West Monroe Street Chicago, IIl. 
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MONG the refinements found on the new 

Buda engine models are practical features 
which further advance the effectiveness of its 
widely-favored lubricating system and which elimi- 
nate oil leakage. 


For instance, the geared oil pump (A) is located at 
the center of the oil reservoir, thus permitting 
Buda engine operation on up or down grades with- 
out danger of starving the oil pump supply. 


Then an extra wiper ring (8) fitted on the lower 
end of the Buda piston prevents an excess of oil 
reaching the combustion chamber, and a double 
throw oil ring (c) at the rear end of the crank shaft 
effectively prevents oil leakage into the bell 
housing. 


That Buda engineers, with practical refinements, 
have kept well apace of progress in the automotive 
industry is no more significant than the fact that 
they constantly strive to build an engine having 
the highest performance quality attainable. 


THE BUDA COMPANY, Harvey (@isés?), I7//. 


ESTABLISHED 1881 





The latest Buda engine 
features will be on view 
at the New York Truck 
Show, Space 11, 12, 13, 
and at the Chicago 
Motor Truck Show, 
Space 26, 27, 28. Also 
the Boston Truck Show, 
the Kansas City Trac- 
tor Show and the Min- 
neapolis Tractor Show. 
A really cordial wel- 
come awaits you at the 
Buda booth. 
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In cold weather- 


with the battery discharging as high as 
five hundred amperes while turning over 
the starter, very little juice is left for an 
ignition system. 

Gasoline will not vaporize rapidly in a 
cold engine and a fat hot spark is needed 
to ignite raw gas. 

The Splitdorf Magneto, which generates 
its own current, does not depend on a bat- 
tery. It is an entirely independent ignition 
system. The same hot spark is delivered 
at all times and under all conditions. 


6 Spires Newark. NJ. 


Sumter Division, 1466 Michigan Ave. Chicago 
Manufacturers of AERO,SUMTERand DIXIE Magnetos, Oscillatin¢ Ma¢netos and Impulse Sterteil 
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BENNETT CARBURETOR 
AIR CLEANER 


Bect Tractor 
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Lauson Tractor 
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Backed by Years 
of Service 
CCEPTANCE and use 


by practically all trac- 
tor manufacturers has 
come to Bennett Equip- 


ment as the reward of 
years of successful service. It is 
recognized that Bennett Equip- 
ped Tractors are longer lived 
and more efficient than those 


without this standard equip- 
ment. 


The Bennett Carburetor Air 
Cleaner eliminates dust and dirt 
from the air before it enters the 
carburetor. It removes the 
cause of most carburetor trouble 
and increases the life of both 
carburetor and motor. It will 
fit any make of carburetor. 

The Bennett Kerosene Carbur- 


etor is especially designed for use on 
tractors and for kerosene fuel. 


Watch the performance of Ben- 
nett Equipped Tractors. 


WILCOX - BENNETT CARBURETOR 
COMPANY 
Specialists in Kerosene Carburetors 


MINNEAPOLIS MINNESOTA 


| Study This List 


of Tractor Manu- 
facturers Specifying 
Bennett Equipment 
ye’ ~ ees Mfg. 


0. 

Amer. Eng. & Tr. Co. 
Appleton Mfg. Co. 
Aulson Tractor Co. 
Aultman-Taylor Co. 
Automotive Corp. 
Avery Company 


; Baker Tractor Co. 
e- Beltrail Tractor Co. 


Besser Mfg. Co. 


f Best, C. L., Co. 


Bethichem Mot. Co. 
Blumberg Motor 

N fg. Co. 
Roring Tractor Co. 
Buckeye Mfg. Co. 
Buckeye Traction 

Ditcher Co. 
Bullock Tractor Co. 
Chase Mot.TruckCo, 
Coleman Trac. Corp, 
Columbus Trac. Co. 
Craig Tractor Co. 
Dart Tractor Co. 
Dauch Mfg. Co. 


& Dayton-Dick Co. 


Detroit Tractor Co. 

Downes, P. J., Co. 

Eagle Mfg. Co. 

Electric Wheel Co. 

Elgin Tractor Cerp. 

Emcr°on-Branting- 
hom Co, 


: Yngel Aircraft Co. 
: FVagec! Motors Co. 


Farquhar, A. B., Co. 
Four-Drive Trac. Co. 
Frick Company 
Galloway Company 
Gile Trac. & Eng. Co. 
Gilson Tractor Co. 
Goold, Shapley & 
Muir Co. 
Gray Trac. Co., Inc. 
Great West Trac. Co, 
Hession Tractor Co, 
Huber Mfg. Co. 
Illinois Tractor Co. 
J.T. Tractor Co. 
Joliet Oil Trac. Co. 
Kansas City Hay 
Press Co. 
Kardell Tractor Co, 
of . jaa 
‘O. 
Kohl Tractor Co. 
La Crosse Trac. Co. 
Lang Tractor Co. 
Leyner, J. Geo., Co. 
Los Angeles Trac. Co. 
Massey-Harris, Ltd. 
Mpls. St. & Mch. Co. 
Moline Plow Co. 
Monarch Trac. Co. 
Monarch Tractor 
Co., Ltd. 
National Tractor Co. 
Nilson Tractor Co. 
Ohio General Trac- 
tor Company 
Ohio Mfg. Company 
Oliver Tractor Co. 
Peoria Tractor Co. 
Pioncer Tractor Co. 
Post Tractor Co. 
R. & P. Tractor Co. 
— Fdry. & Mich. 
‘o. 
2. 1. Plow Co. 
Royal Motors Co. 
Russell & Company 
Savidge Tractor Co. 
Ss. W.H. Eng. Co. 
Square Turn Tr. Co. 
Star Tractor Co. 
Strite Tractor Co., 
Inc. 
Tropp-Stewart Trac- 
tor Co. 
Traction Motor Co. 
Turner Mfg. Co. 
Union Tool Co. 
U. 8S. Tractor Co. 
United Tractor Co., 
Inc. 
Velie Motors Corp. 
Wallis Tractor Co. 
Wichita Tractor Co. 
Wisconsin Trac. Co. 
Yuba Mfg. Company 
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Rayfield Announces Model O 
Plain Tube Carburetor for Trucks 


After spending more than 
two years studying the needs 
of manufacturers we have 
developed the Rayfield 
Model O plain tube carbu- 


retor for trucks. 


Repeated tests on many 
makes of trucks both light 
and heavy have convinced us 
that Model O will show a 
record of performance in the 
truck field fully equal to the 
superior performances of 
other Rayfield models in the 
passenger car field. 


This truck carburetor is of 





concentric float construction 
with a plain tube. The float 
mechanism is of the fulcrum 
lever type and provides for a 
positive method of control- 
ling the flow of gasoline into 
the carburetor. 


We are now in production on 
this carburetor. Samples for 
testing purposes will be sent 
to any responsible truck 
manufacturer. 


We know that it will pay you 
to give Model O atrial before 
placing your contracts for 
next season's requirements. 


L BENEKE & KROPF MANUFACTURING CO. 
2|lst and Rockwell Sts., Chicago, Illinois 


RAYEIELD 


ARBURET CARBURETORS 








De 
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How Monel Metal Is 
Used to Make a 


Permanently Perfect- 
Fitting Needle Valve 


It was vitally important that this needle valve 
should operate perfectly, and that this perfect 
operation should be permanent—for only by per- 
manently perfect operation could this needle 
valve, which is a part of the Master Electrical 
Primer, overcome the chief prime objection. 


ll 


This objection, as is well known to automotive 
engineers, has always been that a primer “inter- 
feres with carburetor adjustment.” 
LEAKAGES 
The reason some primers are said by engineers 
to interfere with carburetor adjustment is be- 
cause these primers are declared to leak. 





If the primer outlet could be so constructed that it would always 
remain a perfect fit, carburetor adjustment would be done away with. 
The manufacturers of the Master Electrical Primer, after search- 
ing for the best metal for some time, finally selected Monel Metal 
the ies Gedis Hei colin. for the construction of the valve needle. Monel Metal is far harder 
7 than steel and rust proof, and the brass seat cannot cut a ring around 
the valve needle. At the same time the point of the valve needle 
electrical coil and shoots the rich hot is so large and the valve needle itself so long that it readily takes 
up any slight wear there may be on the brass seat. 


The Master Electrical Primer takes 
vaporizes it by passing it through the 


mixture thus made into the manifold, Mm : : : ; 

In other details the manufacturers of the Master Electrical 
Primer has exercised the same thorough carefulness. The resistance 
The Master Electrical Primer ‘is coil is of Nichrome Alloy, for the use of which a royalty must be 
paid. 


where it explodes on the first spark. 


guaranteed to start any car in below 


PRIMER DURABILITY 
The spring which governs the electrical-connection arm and the 
gasoline outlet valve is particularly powerful and so durable that 
it will keep these parts working perfectly year after year, long after 
the motor car which it equips has been junked. 


zero weather inside seven seconds,— 


no matter how cold the motor. 


The efforts which have been expended to make the Master Elec- 
trical Primer permanently perfect are meeting with the reward 
which always comes to merit. Such companies as the manufacturers 
of National, Franklin and Cunningham motor cars have adopted the 
Master Electrical Primer as standard equipment, and from the many 
tests now being carried on by some of the most prominent manu- 
facturers it is extremely probable that some others of the most 
prominent makers of cars in the United States will have adopted 
this primer as standard equipment. 








We will gladly send you Master Electrical Primers to test out 
on your experimental models this winter. 


THE MASTER PRIMER CO. 


34 East Larned St. Detroit, Mich. 





mo, ow ya 
Bia) IV | ot © 


we 
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HE difference in weight 

between a Mogul Bearing 

and the average bearing, 
for tractor, truck and pas- 
senger car motors is hardly 
appreciable. But there is a dif- 
ference, which, however slight 
on the scales, proves a big 
factor in wearing quality. A 
Mogul Bearing does weigh — | 
more. And it weighs more he 
simply because the grain of a | | 
Mogul Bearing is absolutely é | 
solid, closely knit, and free ‘ 
from blow holes. 


THE Muzzy-Lyon ComMPAny, LTD. 
DETROIT, MICHIGAN 


See our exhibit at the New York Auto at 
ow 





Specify Mogul Motor Bearings 





Bronze Babbitt lined land Die Cast Bearinés 
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: Who i a n ar E . a Wheel? 


Backed by a concern of phenomenal growth and nation-wide prestige— 
one which has been affiliated with the automotive industry ever since its 
infancy in the marketing of Jaxon rim equipment—the manufacturers of 
Jaxon Full Floating Wheels need no introduction to the trade. 


In their perfection of the Jaxon Full Float- 
ing Wheel, they are offering to you—as 
dealers, users, distributors or manufacturers 
—a maximum practical resiliency 
which means profits for you and profits plus 
satisfaction for your truck buyers. 


And the more your truck buyers know of 


what road shocks and vibration do to the 
mechanism of their trucks, the more reason 
and the bigger opportunity you have to 
sell them Jaxon Full Floating Wheels. 


Let us send you full descriptive literature 


explaining your possibilities on Jaxon Full 
Floating Wheels. 


Jaxon Steel Products Company, Department ‘‘M2” Detroit, Michigan 
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Type “A” 





Cars using PERFEC- 
TION MOTOR CAR 
HEATERS as Standard 


Equipment on one or 


more models: 


Alien 

Case 

Cole Aero-Eigh: 
(all models 

Crow-Elkhart 

Grant 

Haynes 

Hudson 

King 

Kissel 

Liberty 

Maibohm 

Mitchell 

Moon 

National 

Northway Motors 
Corp. (truck cabs) 

Oakland 

Oldsmobile 

Paige 

Premier 

Roamer 

Scripps-Booth 


Stephens Salient Six 


Templar 

Velie 

Westcott 

Willys-Knight 

Yellow Taxicabs 
of Chicago. 





At 


Show, Jan. 3 to 10, 
1920. 


December, 1919 


Type “DWS” Heater 
Sedan 


installed in 


Heater installed in Coupe 





Perfection Motor Car Heaters— 
an Essential Feature of Motor 
Car Equipment. 


Perfection Motor Car Heaters are now an essential feature 
of mptor car equipment. 

Twenty-six motor car manufacturers have standardized 
on Perfection Motor Car Heaters as equipment for both 
open and closed bodies or for truck cabs. 

Perfection Motor Car Heaters have many detailed im- 
provements this year. They are efficient in operation and 
easy to install. 

Our production since moving into our new factory is 600 
heaters per day. 

Let us help you work out the best possible installation for 
your cars. 


The Perfection Heater & Manufacturing Co. 
6545 Carnegie Ave. Cleveland, Ohio 


ERE ECTION At the Chicago 


MOTOR CAR Show, Jan. 24 to 31, 


ATERS 


the New York 
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THE BALL BEARING’S 
USEFULNESS 


What an immense amount of 
energy is expended day in and day 
out in the continual flow of traffic 
that jams the streets of lower New 
York. But how much more energy 
would be consumed if it were not 
for the tiny ball bearings which make 
the wheels turn with magic ease. 

Every motor car which is equipped 
with high grade ball bearings takes 
far less energy and far less gasoline 
to run it than a similar car equipped 
with any other type of bearing. 
Fafnir Ball Bearings are distinctly 
high grade. 


THE FAFNIR BEARING 


COMPANY 


Conrad Patent Licensee 
New Britain, Conn. 


DETROIT Office: 752 David Whitney Bldg. 
CHICAGO Office: 1919 So. Michigan Ave. 
CLEVELAND Office: 916-917 Swetland Bidg. 
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It Drives the Fan 
that Cools the 
Cole Engine 


Every Cole car that leaves the factory is equipped with 
a G & K Link “V” Belt. It is regular equipment on that 
car. The Link “V” was written in the specifications by the 
Cole Motor Car Company, after exhaustive tests that 
showed undeniably its superiority. 





The G & K Link “V” is a combination of steel, fibre and The Link “V" Fan Belt on a 
: ark Cole Motor. It’s noiseless. 
leather links so constructed that the strain is borne by the 
steel and fibre links, the leather links furnishing the neces- 
sary frictional surface. It possesses great strength, in fact, 
is practically indestructible, often outlasting the car under 
ordinary use. 


Further information regarding the Link “V” gladly fur- 
nished. 


The Graton & Knight Mfg. Co. 


Automotive Equipment Division 


Worcester, Mass. 
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Victorious 







Be 
Satisfied 
Specify 
Bosch 


AUTOMOTIVE ENGINEERS 


ICTORIES in business, like vic- 
7! tories in war are won through 
strength, courage and superior 
equipment. Dealers win their Sales 
battles easily when their products are 
equipped with Bosch High Tension Mag- 
neto Ignition. The Bosch gives them 
predominating prestige because it has 
proved supreme in every field. It is one 
of the most dependable, economical 
and efficient ignition systems known. 
The force of Bosch Prestige and Bosch Ad- 


vertising behind your selling efforts is a 
wonderful help. 

Andrememberthatnearlythree hundred Bosch 
Service Stations are ready toserve your patrons, 


AMERICAN BOSCH 


MAGNETO CORPORATION 


Main Office and Works—Springfield, Mass. Branches— 
New York, Chicago, Detroit, San Francisco— 300 Ser- 
vice Stations in 300 Cities 


AMERICA’S SUPREME IGNITION SYSTEM @ 


MOTOR TRUCKS - TRACTORS =— AIRPLANES - MOTOR CARS —- MOTOR BOATS — MOTORCYCLES — GAS ENGINES — ETC. 
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1g nition, Startin g 
and Ligh ting 


a 





A it WAT E R K EN T 


WAYNE JUNCTION 
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ATWATER KENT Starting and Lighting Equipment is 

primarily a system de luxe. In excellence of manufacture 
it parallels the high standards of accuracy, precision and fmish 
which are chumacterina of all Atwater Kent prod: ts. 


In addition, its operation is unique. 


With this system it makes no difference whether the car is 
started frequently or infrequently—whether it is in use mostly 
during the day or during the night, the generator automatically 
increases and decreases its output under varying conditions to 
maintain the battery at its full charge. 


This result is accomplished without any additional complication 
or mechanism. It is due to an inherent principle developed by 
our engineers and incorporated in this high-grade system. 


Notwithstanding this distinctive performance, the mechanical 


design and installation are conventional and readily adaptable 
to any engine. 


Atwater Kent Ignition, Starting and Light- 
ing Equipment can be delivered with reason- 
able promptness. Literature on request. 


M F G. C 0OM::-2:.A eae 


PHILADELPHIA 
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THE NEW CLEVELAND “6” 


(ff Series Of Mnnouncements 


We take great pleasure in announcing that the new Cleve- 
land “6” is equipped with the Morse front end drive. 

Make your product better by joining the ranks of the 
famous car makers who use the Morse front end drive. 


MORSE CHAIN COMPANY, Ithaca, New York 


Detroit Office: 1003 Woodward Ave. 


December, 





1919 


December, 


1919 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


RICH TOOL COMPANY 


Railway Exchange Bldg., Chicago, III. Kresge Building, Detroit, Mich. 


The cuts below represent valves used in some of the best known present day Aeroplane, Motor-Boat 
and Racing Automobile Engines. They are all products of this Company and most of them have been pro- 
duced in large quantities and have, therefore, been thoroughly tested in service. 


Needless to say, they are all Tungsten Steel, but we also make one-piece forged valves of all other com- 


monly used Alloy Steels in the manufacture of which we exercise the same care as is used in our Tungsten 
Valve materials. 


One of the newer types of valves which we have been making in very large quantities for the past two 
years is our Hi-Chromium Valve, which has some very remarkable properties. It is for some purposes an 


excellent valve and we solicit inquiries from those who are troubled by a persistent burning away of the 
seats of the valves in their motors. 


We also have a material called Cobalt-Crom that possesses the qualities of High-Chromium as relates 
to resistance to burning, together with a resistance to abrasion or wear and a strength when red hot more 
nearly comparable to that of High-Tungsten. This material offers excellent promise of good results in en- 
gines running for long periods under heavy load without attention, such as marine motors and tractor motors: 


af 
| 
a 








Our Engineering Department is at your service on al! 
questions concerning suitability of material and design. 


21 








22 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


December, 1919 












Example of How the 
Hartford Shock Absorber 
Works: 


Fig. 1— Automobile approaching 









road bump 






Fig. 2— Movement of car body wher 
car not equipped with Hartfords 


meets bump. 













Fig. 3— Movement of car body wher 
car equipped with Hartfords meets 
bump Note how the Hartfords 
dampen the vibrations of the 
springs by absorbing the energy 


of spring movement, saving you 





from discomfort and protecting 












your car 


How Long Will Your 
Car Stand This? 


Every hole or bump in the road deals your car a 
telling blow. Every time the springs are moved, 
there is contrary reaction that generally racks your 
car and jolts the passengers. 


Automobile manufacturers have spent thousands 
trying to design springs that would always protect 
their cars. They give you the best—but that is not 
enough. Spring-action must be regulated. Harmful 
reaction must be absorbed. Wheels must be kept on 
the road. 



















The Hartford Shock Absorber regulates the springs 
on both compression and expansion. It protects your 


car from rapid deterioration and your friends from 
discomfort. 


The Hartford is now a part of the factory equipment 
of many of America’s fine cars. These cars have the 
best of everything—yet they realize that the Hartford 


is indispensable. The manufacturers of the follow- 









We invite your engineers to test Hartfords on your ing cars are protecting them, and 
make of automobile. Every car manufacturer can easily insuring riding comfort to their own- 
prove for himself that the Hartford Shock Absorber is a ers, by factory-equipping their prod- 
paying investment as initial equipment. Write for details. uct with Hartford Shock Absorbers: 

Apperson Mercer 

Argonne Murray 

Biddle National 

ail O Cole Owen- Magnetic 

Crawford Premier 

Daniels Revere 

Marmon Singer 
SHOCK ABSORBER McFarlan Stutz 
EDWARD V. HARTFORD, Inc. 35 Warren Street, New York City 





Factory Branches—Boston, 319-325 Columbus Ave.; Chicago, 1716 Michigan Ave. 
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JOINTS 


It is significant that motor- 





trucks and passenger cars 
of the better class are 
equipped with 


Hartford 


Universal 
Joints 


“The Joint of Universal Satisfaction” 


The Hartford 
Automotive Parts Co. 
HARTFORD, CONN. 


INCORPORATED 1906 
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Rotanp Routrs AND THE Curtiss **Wasp’ 


«Karthest Up” 


HE internationally famous Curtiss 

“Wasp Triplane established the world’s 
record on September 18 by attaininga height 
of 34,610 feet more than six miles in the 
air, guided by Roland Rohlfs, test-pilot. 
“Farthest North’? and ‘“Farthest, South’ have been 
attained by brave explorers, but ‘‘Farthest Up” mas- 


tery of the air—-has constantly tempted human skill 
and courage. 

Curtiss achievement has brought us ‘‘nearest the sun’”’ 
of aircraft-pertection. The recognized safety and 
eficiency of Curtiss products result from the highest 


ideals and constant scientific ettorts towards perfection. 


CURTISS AEROPLANE and MOTOR CORPORATION 











Sales Offices: Room 1458, 52 Vanpersitt Avenve, New York 
Curtiss ENGINEERING CoRPORATION THe Burcess Company 
Garven Crry, L. I. MarRBLEHEAD, Mas 
Curtiss Fryinc Station or ATLantic Crry, Inc., A antic Ciry, New JERSEY 
Gentlemen: Please mail me at once, your special Curtiss } N proposition— a 34 
showing commercial uses. , — = 
Name ae a a ewe a — _ 
Address sciiscpeniindindiesiecenaetiaiald ; sinha —— = — Member Manufacturers? } 
— Aircra 4 ssociati A 
— } 
“™~e ? 
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The Prestige of the Pioneer 


Occasionally it happens that the pioneer in a certain 
field of human effort comes down the years with his 
leadership still unchallenged. 


The pioneer is still the standard bearer. His leader- 
ship has become an institution. Men take for granted 
that his mature experience, his senior skill in his 
field will continue to give maximum merit to the 
thing he makes or does. 


Prestige orders further progress. The whole public 
he serves, even his contemporaries, give generous 
1ecognition as each year the pioneer-leader meets 
that responsibility. 


Delco enjoys the distinction of having been the first 
Starting, Lighting and Ignition System for motor 
cars,—as Cadillac enjoys the distinction of having 
been the first motor car to install it. 


Each year since, because Delco has steadily main- 
tained its leadership, Delco has been standard equip- 
ment on Cadillac cars. 


Manufacturers of high-grade motor cars willingly 
pay more for Delco, not for the prestige which 
surrounds its name but for the quality with which 
Delco steadily increases that prestige. 


Delco 


Starting, Lighting and Ignition Systems 
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MIDWEST 


TRUCK ard TRACTOR ENGINE 





gine sit t ” 
requireme f 
2*0 
[ruck and tractor engines, so far, have been built The Midwest engineers have anticipated this 
for heavy duty at slow speed. That was al 


peed all right emergency, with this new Midwest truck and 
when trucks all wore solid tires and the speed of 


, . tractor engine—the first heavy duty engine ever 
the engine was controlled by a “governor - ' ; s - 
. “ce “ey offered to truck builders where speeds up to 150 
But, since pneumatic tires have been put on ; : : ” '? 

, , r p. m. (for 6 engine) under full ki are 
trucks, your truck engine must deliver both power r. DM. LCF Gage Se) eer Tr eee, ae 
and speed—average motor truck speed being the possible and with engine pertormance guaranteed 
one big idea behind the adoption of pneumatic tires. That is the unanimous opinion of those engineers 

As a consequence, truck owners from coast to and manufacturers who have been given an oppor- 
coast have ripped the governors off their truck en tunity to make a study of this latest of all Midwest 
gines ; and you now behold a mechanical tragedy- products. 
slow speed truck engines forced to work at high ; _ dee ' ae 
speed. For full particulars address Sales Division 14 


MIDWEST ENGINE COMPANY Indianapolis, U. S. A. 


Dependable Power 





a 
ak 
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roduction Multiplied 


Over Seven 7imes 





Single Row Double Row 


ANNULAR BALL BEARINGS 


B* January, 1920, capacity of production of S. R. B. Ball Bearings will be seven times 
as great as in January, 1919, at which time production had been already restored to 
a normal and satisfactory basis after the curtailment of manufacture during the war. 


TEP by step in anticipation of the fast mounting requirements of automobile, truck, tractor and other 
industries, S. R. B. production has been and is being aggressivly brought up, as results of improved 
facilities, plant extensions and increased equipment. A\ll this with every care to maintain the quality which 
has made S. R. B. Bearings integral parts of those passenger and commercial vehicles and tractors whose 
names are instantly thought of as leaders in their respective fields. 




























N view of the great proportions which the 

manufacture and sales of S. R. B. Bearings 
are assuming, it has been determined to combine 
the vanous properties engaged therein into a new 
company to be known as Standard Steel and 
Bearings Incorporated. This company consol- 
idates into one operating unit the Braeburn Steel 
Company, Pittsburg, where all the High-Chrome- 
High-Carbon Steel for S. R. B. Bearings is 
made; the Standard Roller Bearnng Company, 
Philadelphia, and the Plainville and other New 
England plants which are producing and being 
brought inte production on S. R. B. Beanngs. 


STANDARD 
STEEL AND BEARINGS 


Incorporated 
Standard Roller Bearing Braeburn Steel 
Company Company 


MARLIN- ROCKWELL 


Executive Offices: 


347 MADISON AVE, NEW YORK 
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Things Savage Axles 
do not do 


Burn Up Your Tires 


IRES under Savage Axles have an 
honest chance to live their normal 


life. 


It is the pound, pound, pound of the 
unsprung weight that has most to do 
with the shortening of truck tire life. 


Savage Axles being extremely hight — 
offer the least possible unsprung weight 
for tires to carry. 


SAVAGE ARMS GoRPGRATIGs 
SEAR ON, IZA.» 
UTICA NEW YORK DETROIT PHILADELPHIA 
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400,000 
Single Plate Dry Clutches in Service 


A clutch that has done hard work 


under every condition of service on: 


Ammunition trucks Tractor pulley drive 
Balloon winches Passenger cars 
Motorbuses Railway gas locomo- 
5-ton trucks tives 


Tractors Gas engine driven 
street cars 
Motor street sweepers 


These are but a few 
of the uses to which the 
Borg & Beck clutch has 
been put. 


That it should have 
become a STANDARD 
of the automotive in- 
dustry is the natural re- 
sult of its proven ability 
to ‘hold down its job.”’ 


Furnished to fit all 
standard motors and 
unit power transmis- 
sions. 





THE BORG COMPANY 


Sales and Engineering Depts. Factories 
914 Michigan Ave. | Moline, Il. 
Chicago, Il. % . Chicago, Ill. 
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Make Child’s Play 
ANYWHERE 
of Load and Thrust 





1, OR EN 





EAR in and year out—by day 
and night, the lives of the 
Nation’s rail travelers are safe- 
guarded; its freight, express and 
mail protected by flanges on the 
wheels of giant locomotives and 
ponderous cars. 


In BOWER ROLLER BEARINGS, 


the same flange principle is used to 
guide the rolls and resist end thrusts. 
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BALL BEARINGS 


Are a Certainty 





Ball Bearings upon which the word GURNEY ap- 


pears are not an experiment. 


They are the result of seventeen years of building ball 
bearings for every conceivable purpose. 


The pioneering has been done—and the fruits of it are 
available to all the users of our bearings. 


Our Engineering Department, with its wealth of data 


and experience, is at your service to solve your bearing 
problems. 


GURNEY BALL BEARING CO. 


Conrad Patent Licensee, 


Jamestown, N. Y. 
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A Two-Inch Fan Belt 


Lay a rule on the face of the fan pulley of any Hinkley Engine. 


You will find that the pulley’s friction surface is designed to ac- 
commodate a fan belt no less than two inches wide. 


HEAVY DUTY 


Hinkley design is from 20% to 50% 
wider than any fan pulley you have 
ever seen on an automotive engine. 
And with good reason, for such a sur- 
face plainly provides the fan of every 
Hinkley Engine with a steady, reli- 
able, non-slipping source of power. 
The fan can therefore be confidentially 
depended on to always do its vital 
task of cooling the engine. 

We point to this Hinkley fan belt 
as further proof that these are truly 






HINKLEY 
ERY DUTY MAUTOMOTIVE 


AUTOMOTIVE 


ENGINES 


Almost certainly this detail of 


heavy duty engines—engines de- 
signed and built not to a price but to 
a purpose. 

Yet the generous proportions of 
these Hinkley Engines are no more 
striking than the conspicuously high 
quality of their materials and the con- 
scientious care with which they are 
built, assembled and tested. 

All these qualities combine into an 
engine character that can be fully ap- 
preciated only by the user of a 
Hinkley-Engined automotive vehicle. 


HINKLEY MOTORS CORPORATION 


918-34 West Fort Street 


Detroit, Michigan 
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Un-retouched photograph showing a motor truck completely optioned with 


Goodyear Cord Pneumatic Truck Tires, which is employed in hauling 
road construction materials by A. H. Telder, at Grand Rapids, Michigan 


MADE IN U.S.A. 
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Removing the Limitations 
Imposed by Solid Truck Tires 
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N pioneering the development of the cord 
- pneumatic truck tire the Goodyear organiza- 
tion has worked to decided advantage. 


It has been able to supply utmost traction with 


the All-Weather Tread, a Goodyear idea. 


It has been able to supply the utmost toughness 
with multiplex cord construction, introduced by 
Goodyear more than fifteen years ago. 


It has been able to supply the utmost facility, 
in handling, with the Goodyear Demountable 
and Detachable Rim fitted with an oval locking 
ring extremely easy to operate. 


Thus, the pneumatic principle, as exemplified 
in Goodyear Cord Pneumatic Truck Tires, is 
supported by distinctly Goodyear inventions 
which make it most completely effective. 


Tue GoopyveEaArR TIRE & RUBBER CoMPANY 
Offices Throughout the World 


CORD ‘TIRES 
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The Pyrometer of Welding 


The automatic heat control panel of the 
Wilson System is to welding what the 
pyrometer is to the heat treatment of 
metals. It eliminates guess work. 
Without it can still be deposited as with 
any ordinary welding outfit, but there is 
no guarantee against imperfect welds 
resulting from cold or burnt metal. 











When adjustment by the switches has 
once been made to provide for the 
proper current to suit the fusing point 
of the particular metal to be welded, this 
current is automatically maintained, in- 
suring a constant heat at the weld. 





Plastic-Arc Welding Axle Housings, without 
preheating or annealing, etc., will save a lot of 
money and labor and insure a durable job. 


The Plastic-Are Method 
produces a mechanically sound 
weld, having the strength and 
ductility necessary to withstand 
severe strains and shocks to 
which axle housings are sub- 


jected, at a lower cost than 





other methods or systems of 
welding. 


The Wilson Plastic-Are 
Welder is particularly adapted 
for this class of work, also for 
boiler plate, cast steel, cast 
iron, copper, brass and alumi- 
num, etc., and is a ready repair 
tool- in the case of damaged 
shop equipment. 


Write for further details 


Wilson Welder and Metals Co., Inc. 


2 Rector Street, New York 
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With the 
Velvet Clutch 


Bull-Dog Grip 


“T_el 1 


Dependable Clutch Performance 


Dependability is too great a factor in motor vehicles today to 


take any chances of failure by incorporating a part concerning 
which there is any doubt. 
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The clutch, particularly, is one that may beasource of trouble, 


not only in itself but by inability to properly protect the other 
parts. 


The use of a Detlaff clutch makes certain dependability in this 
part, and assures the minimum strain on all driving mechanism. 
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Perfect enclosure and proper lubricating provision protect the 
mechanism. Ample surface and long, easy springs reduce pres- 
sure needed and automatically adjust for the slight wear 
+--+ is unavoidable. And 

smooth, velvety action 
cushions the shocks, how- 
ever hard the usage. 


Detlaff clutches are dy- 
namometer tested far be- 
yond any strains they can 
get in service—an assurance 
that whatever the demands 
of conditions, you know the 
clutch will carry its load un- 
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A. J. Detlaff C % 
" and delivered through 60 teeth. g b e a ompany 
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“WHITNEY” 


TRANSMISSION CHAINS 


SILENT TYPE 


December, 191» 










FOR THE AUTOMOBILE FOR THE FACTORY 














For driving cam-shafts, magnetos, For driving machine tools, line shafts, 
lighting systems, generators, pumps, electric motors, compressors, pumps 
self-starters, etc. and machinery of all kinds. 


When Belts are unsatisfactory use “WHITNEY” Chains 





Our carefully constructed, cylindrical 
joint gives a very large bearing surface, 
which insures accuracy, long life and 
minimum elongation. 


If you are in any way interested in Silent Chain, 
either for new work or replacement, let us hear 
from you. Our Engineering Department is at 
your service. 








Satisfactory Results and Long Life 


Prompt Deliveries 


THE WHITNEY MFG. CO. Hartford, Conn. 
CHAINS KEYS AND CUTTERS HAND MILLING MACHINES 
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FEDERAL BEARING & BusHinG CoRPORA 


BABBITT-LINED BRONZE-BACK BEARINGS - BRONZE BUSHINGS BRONZE CASTINGS 
DETROIT — MICHIGAN 
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NIFORMITY 
OLIDITY 
FE, XCELLENCE 


FEDERAL BEARINGS 


WHY does every Federal Bearing show the same tough, 
fine grained homogeneous structure in the fracture 
of the Babbitt lining? 

BECAUSE every Bearing is chilled immediately after 
it is lined. That is UNIFORMITY. 

WHY is every Federal Bearing guaranteed absolutely 
free from porosity? 

BECAUSE the process of manufacture makes it impos- 
sible for the Babbitt to contain air while cooling. 
That is SOLIDITY. 

WHY is every Federal Bearing manufactured from the 
highest grade materials, machined accurately and 
subjected to the most rigid inspection? 

BECAUSE “FEDERAL, DETROIT” must be stamped 
on the back. That is EXCELLENCE. 


What Is Our Secret? 


CENTRIFUGAL FORCE 


(Process protected by patents) 
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o & IGNITION EQUIPMENT 


Proof of Pre-Eminence 


Forty-three” leading makes of 
motor cars carry Westinghouse 
Equipment though it costs more. 














Check up the row of high grade cars parked at Chevy 
Chase, Brae Burn, Nassau Country Club—at these or 
other clubs where quality is characteristic—and you'll 
discover that Westinghouse Equipment is found oftener 
in the finest makes of cars than any other. Also 
that the greater a car’s reputation for quality, the 
greater the likelihood that it is Westinghouse Equipped. 





Go where you will—in theclubs of Greater New York’s 
countryside, around Boston, Washington, Philadelphia 
or San Francisco—the result is always the same. 


That such cars as Pierce-Arrow, Locomobile, Revere, 
Dorris, Cunningham, Mercer, McFarlan, Porter and 
others as well known use Westinghouse Equipment, is 
indisputable proof of its pre-eminence. 





WESTINGHOUSE ELECTRIC & MANUFACTURING CO. 
Automobile Equipment Department 
General Sales Office, New York City: 110-114 W. 42nd Street 
Branch Sales Offices, Cleveland, Ohio: 1900 Euclid Building. 
Indianapolis, Ind.: City Trust Bldg. 
Detroit, Mich.: Kresge Bldg. Chicago, Ill.: Conway Bldg. 
Works, Newark, N. J., and Springfi:ld, Mass. 
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—quick detachable 


— demountable 






Type F 
Continuous base Demountable Rim for 
30 x 3)e clincher tires, 


—no complicated parts 
—no squeaking 
—accurate alignment 


—continuous bearing on 
felloe band 


—continuous wedge ring 
support 


— The supremacy of Firestone 
Demountable Rims is evidenced 
by the fact that they are standard 
equipment on the majority of high 
class passenger and commercial 
cars now manufactured. Firestone 
Type C Rims for trucks have put 
speed and greater mileage into 
trucking. 


Split base Vemountable Rim for passenger cars, 
For straight side tires only. 


— There is a Firestone Rim for 
every kind and size of tire and 
for every type of service. See 
the Firestone Rim dealer or write 
for facts. 


Che Firestone Steel 
- Products Co. 


y FIRESTONE PARK AKRON, OHIO 






Continuous base Detachable, Demountable Rim for 
passenger cars and trucks, This typeof rim in the 
6-in., 7-in., 8-in. and 10-in. size is the rim which has 
made the use of Giant Pneumatic truck tires prace 
tical. For straight side tires. 
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He Stayed With the Leader: 
Times—Setting a New Record for 150 Miles 


Ira Vail—Winning 2nd Place at Uniontown, Breaking the Record at Sheepshead— 
Claims Remarkable Performance Was Due to Philbrin Ignition 


The circle of race drivers who 
are adopting Philbrin Ignition 
is rapidly widening. For Phil- 
brin is producing eye-opening 
results that are winning amazed 
commendation from all who wit- 
ness its performance. 


Ira Vail, after the race at 
Sheepshead Bay on Sept. 20, dis- 
patched this enthusiastic wire to 
the Philips-Brinton Co.: 

“Philbrin Ignition demonstrates 
its lasting and sure firing abil- 
ity by another non-stop grind for 
one hundred fifty miles, getting 
third place, average speed 105 
miles. Used the original plugs 
that were used at Elgin and 


Pe bf 


Uniontown.” 


He just missed second place by 
a breath—a matter of two 
seconds. Previous to that, on 
Sept. 1 at Uniontown, his car 
won second place against prac- 
tically the same competition. 
At the conclusion of this race 
Roscoe Sarles, the driver (Vail 
was nursing an injured arm), 
sent the following telegram: 
“Drove Philbrin Special today. 
Finished second. Am so pleased 
with Philbrin Ignition want du- 
plicate of Vail’s system sent to 
me care Wright Motor Co., 1002 
Hope Street, Los Angeles, for 
my Roamer Race Car.” 


December, 1919 


All the Way—Both 


The plugs, mind, were VETER- 
ANS—they were used at all 
three races. Yet not a single plug 
was fouled; each functioned per- 
fectly in each gruelling run. 


No driver who adopted Philbrin 
has ever gone back to the old 
system. For that all-powerful, 
intensified, rending spark that 
will break through the heaviest 
film of oil has wedded him to 
Philbrin—the system that gave 
the world a new form of contact 
maker and condenser. 


You can install Philbrin in 


place of any ignition system 
you are now using. Write for 
descriptive data. 





PHILIPS-BRINTON CO. 


IGNITION SPECIALISTS 


KENNETT SQUARE, PA. 


617 SOUTH BROAD STREET 
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The Tapered Disc of 


TE 


Zoic 


is 


Point One: 


The Tapered Dise 
distributes uniformly 
all skidding and load 
stresses. It absorbs 
most of the shocks and 
loads which heretofore 
have been concentrated 
at the hub and wheel 
bearings. 


Detroit Pressed Steel Gompany 
Detroit, U. S. a. 
New York Factory Branch, 1846 Broadway at 61st St. 


Boston Factory Branch, 925 Boylston Street 
Chicago Factory Branch, 732 Michigan Avenue 
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Auto-Flextube Auto-Steel flex 


Auto-Brassflex 


Insulating and Steel or Brass Flexible 


Tubing and a complete line of fittings for 


Automobile Wiring 
Carburetor Tubing 
Exhaust Tubing 


Write for catalogue, samples and 
complete information 


National Metal Molding Co. 


Manufacturers 
Electrical Conduits and Fittings 
1121 Fulton Building, Pittsburgh, Pa. 


Atlanta Beston Buffalo Chicag Dallas Denver Detroit Los Angeles New York _ Philadelphia 
Portland Salt Lake City San Francisco Seattle St. Louis Buenos Aires Havana Manila Paris 


Canadian Distributors—CANADIAN GENERAL ELECTRIC COMPANY, Limites 
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Radiators 


‘The Truck of Proven Units,’’ as the 
Acme Truck is called by its makers, 
is equipped with G & O Radiator. 
The choice was inevitable in produc- 


ing a Motor truck on such a basis. 


The G & O Mfg. Co. 


G & O Radiators are manufactured 
to a single standard—Quality. They 
are sold on one basic fact—Quality. 
It is not possible to make or buy bet- 
ter radiators than G & O. 


New Haven, Conn. 
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VIGILANCE 


N ANUFACTURING a product of the 

best quality, and marketing this pro- 
duct under the existing industrial situation 
is proving to an ever-growing clientele the 


full meaning of VICTOR SERVICE. 


The buyer of VICTOR Products is aware of 
a definite and tangible VICTOR POLICY, 
which has for its foundation a constant and 
vigilant anticipation of his requirements. 


VICTOR SCREW WORKS, Detroit 
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The continuous fin tubular type of radiator 
core construction is especially strong be- 
cause the front edge of each horizontal fin 
is reinforced with a heavy steel wire 





Main plant and general offices. 
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Vibration does not affect the 


radiator of the continuous fin 
tubular type 


The two essential parts of this type of radiator core 


are the horizontal cooling fins and the vertical water 
tubes. 


The function of the fins is to conduct the heat from 
the water in the tubes and dissipate it by convection 


to the rushing cool air. In addition to that the fins 
stabilize the tubes. 


In the tubes the water flows freely and unimpeded. 
There are many tubes, placed in rows, serving also 
as braces to the horizontal fins. 


To further strengthen the fins and to increase their 
resistance to blows, each is reinforced along its front 
edge with a steel wire. The stress of a bump is 
resisted not entirely at the point of contact, but 
throughout the entire core. Ordinary blows have 
no damaging effect. 


Free passage of air—another distinctive feature of 
the continuous fin tubular type of radiator core. 
Practically no impediment is offered to the circulat- 
ing cold air, the open passageway permits of quick 
exhaustion of the heated air, causing the circulation 
of an unusually large volume of cold air. 


Since the beginning of the motor car industry this 
company has manufactured radiators of every type 
—hboth tubular and cellular. By conducting ex- 
haustive tests and closely watching the performance 
of the various types we are firm in our conviction 
that the continuous fin tubular type of radiator is 
superior for truck service. Obviously, our only 
reason for taking such a positive stand is for the 
insurance of greater cooling efficiency and depend- 
ability. 


McCord Manufacturing Company, Inc. 
Detroit, Michigan 


CCORD 


RADIATORS 
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Control of Source of Material and Large 


Hydraulic steel comes from its own source of supply, 
the Canton Sheet Steel Company. The control of 
the raw material source is an important factor in 
frame requirements. It not only insures the standard 
of product but the quality of steel desired. It also 


has a direct bearing on the service to be rendered. 
Large warehouse space at the Hydraulic Plant, with 


a constant incoming supply of steel, keeps the stocks 


far beyond anticipated requirements. Linked up 





Plant of The Canton Sheet Stee! Co. 
of The Hydraulic Pressed Steel Co 





AY DRAUL 
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Steel Stocks Assure PROMPT SERVICE 
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with this is the rigid Hydraulic inspec- 
tion of materials and of product. 


These are some of the features in the 

complete service which Hydraulic 
1 

renaer;rs. 

“Tanufacturers of 
Pressed Steel Frames for Passenger Cars, 
Trucks and Tractors; Axle Housings; 
Brake Drums; Torque Arms; Running 
Boards; Step Hangers; Hub Flanges; 
Discs; Dust Shields; Sprockets; Steel 
Barrels; Aeroplane and Miscellaneous 


Stampings. “MORE 


. Than a Place toW ork’ 
THE HYDRAULIC PRESSED STEEL COMPANY 


‘*Responsibility produces self-respect and in- 
CLEVELAND, OHIO creases pride in accomplishment. At Hy- 
draulic every man has a definite responsibility. 
Our own men have adopted the siogan—Hy- 





Branch Sales Offices: 


: ‘ — draulic is ‘MORE than a Place to Work.’ 
New York Chicago Detroit This spirit is reflected in the quality of Hy- 
Singer Building Fisher Building Book Building ' 


draulic products, 


Glimpses of the Receiving and 
Stock Yards of The Hydraulic 
Pressed Steel Co. 
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Snap! Goes 
the lead ! 
Drawing hurt, 
nerves itri- 
tated and 
enthusiasm 
cooled |! 


Why take this chance for 
yourself or your draftsmen? 


DIXON'S 
ELporaDO 
the master drawing pencil” 


has won the approval of 
many of America’s most ex- 
acting users because it 1n- 
spiresconfidence. ‘The harder 
the work, the more you ap- 
preciate Eldorado. 


Write for samples of your favor- 
ite leads and our unusual pen- 
cilogue “Finding m«g=7, EADS 
Your Pencil.” Sige. = 


| Pencil Dept.95-J , Jersey City, N. J. 


Canadian Distributors 
A. R. MacDougall & Co., Ltd., Toronto 
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Positions & Men 
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Available 





The following announcements are published for the 
benefit of members of the Society and the convenience 
of companies in need of men. No charge whatever is 
made for this service. In the case of items prefixed by 
an asterisk further information is withheld at the 
request of the company or individual making the in- 
sertion, but written communications bearing the num- 
ber of such items will be forwarded by the S. A. E. 
Office. In other cases further information will be 
supplied by the Office of the Society. Applications for 
positions from non-members must be endorsed by a 
member of the Society. 





MECHANICAL AND AERONAUTICAL ENGINEER, age 30, 
engaged in the following capacities in the automotive 
field, assistant experimental engineer, chief engineer, 
sales engineer, sales and advertising manager. Excep- 
tiona! record for the production of results. During 
the war was an aviator and aeronautical research 
Army officer. Desires to connect with a reputable 
company in an executive or sales capacity. 

MECHANICAL ENGINEER, technical graduate, competent 
to take charge of design, development or production on 
trucks or tractors, desires position as assistant to chief 


engineer or to production manager with truck or trac- 
tor builder. Age 28. 


EXECUTIVE IN MANUFACTURING Has had charge of 
organizing factories for production of the highest class 
automobiles and airplanes. Has practical experience 
in modern production methods, engineering and costs. 
Available for position as general or works manager. 
Has initiative and ability to introduce new and ef- 
fective methods or to reorganize a plant to meet the 
present business conditions. 


ENGINEER OR PRODUCTION MANAGER with eighteen 
years’ motor car and tractor experience, eleven years 
in executive positions, now Army officer in Ordnance 
Department. Any position considered with progressive 
or new company offering good opportunity now or in 
the future. Age 38. 

MECHANICAL ENGINEERING GRADUATE, four years as 
designing engineer on high-grade custom car, handling 
entire work in developing new models, desires a posi- 
tion. Thoroughly competent to design and lay out 
high-grade engines and chassis. Has practical shop 
and production experience. Age 27. 

ENGINEERING EXECUTIVE, recently demobilized cap- 
tain Aircraft Production, graduate of University of 
Wisconsin, desires position as assistant to factory 
manager or production engineer or in executive ca- 
pacity with progressive manufacturer of automotive 


products. Capable of handling all details. Available 
at once. 


PRODUCTION AND EXECUTIVE ENGINEER, technical 
graduate with twenty-two years’ practical experience 
in shop and design of automobiles, tanks, tractors, in- 
ternal-combustion, Diesel and semi-Diesel engines, who 
understands economic shop management and produc- 
tion, desires position with company which needs high- 
class executive. At present is officer Ordnance De 
partment as armament inspector and shop executive. 

MECHANICAL ENGINEER with seven years’ tractor ex- 
perience, who understands costs and practical design, 


(Continued on page 52) 
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LANCASTER 
& STEEL W 


WHEN you buy steel from Lancaster Steel Products Corpora- 
tion you are purchasing more than so many tons of steel— 
you are buying a product backed by twelve years’ scientific knowl- 
edge of specialized steel making. 


For whatever purpose specified Lancaster Steel is correct. Our 


special cold-drawing and cold-rolling process plus our scientific 
laboratory tests makes this assurance possible. 
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Cold Drawn 372% Nickel Steel 

Cold Drawn Chrome. Nickel Steel 
Cold Drawn Chrome Vanadium Steel 
Cold Drawn Carbon Steel 

Cold Drawn Steel (Special Analysis) 
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Cold Rolled High Carbon Strip Steel 


Brake Band Steel Cold Drawn Special Shapes 
Diaphragm Steel Screw Stock 


Representatives at convenient locations are ready to 
serve you upon request. Send for S. A. E. specification 
chart, which will be mailed free from any of our offices. 


LANCASTER STEEL PRODUCTS CORP. 
MILLS: LANCASTER,PA. 


WESTERN SALES OFFICES, CHICAGO and DETROIT 


EASTERN SALES OFFICES, HARTFORD, CONN. 
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Sand Mixing Machine 
manufactured by 
Sand Mixing Machine 


Company, 
Ohio 


Baldwin Chain Drives 
Function Perfectly on the 
Sand Mixing Machine 


ALDWIMN is privileged to share with the 

Sand M:xing Machine the wonderful 

records of efficiency and economy which in- 
variably brings to the modern foundry. 

For the Baldwin chain drives and sprockets 
utilized in the design of the machine have 
given the same unvarying service that has 
always characterized Baldwin Chain Drives 


even when exposed to the continued punish- 
ment of sand and dust. 


Baldwin Chain and Manufacturing Com- 
pany, Worcester, Mass. 


H. V. Greenwood, General Western Sales Agent, 
Peoples Gas Building, Chicago, Ill. 


These Baldwin Agencies are at your service: 





THE 


the 


Cleveland 


Co 
San Erancisco 
The Adam-Hill Co., 96 Ninth St. 


“It’s 


ee - ~~ 


ALDW 


the Chain That Stands the Strain”’ 


New York St. Paul 
C. D. Schmidt, Broadway at Cc. J. Smith & CC 
Cans St 
anal . Minneapolis 
Chicage Baldwin Service Co., 39 South 
W. D. Foreman, 22 E. 18th St 11th St 
Philadelphia J. M. Howe, Agent 
N. A. Petry Co., Inc 1307 Cincinnati 
Race St Wirthlin-Mann Co., 318 West 
Boston Third St 
H M. Williams, 175 Massa New Orleans 
chusetts Ave M. H. Rykoski, 706-708 Julia St 
Cleveland Rathi n 
The Chain & Sprocket Service , . pate . 3 . 
Co.. 1794 East 55th St Wade & Co 313 East Pine St 
Kansas City, Mo. , Portland, Ore. P 
Motor and Machinists’ Supply H. W. Sharp Co., 72 First St 
Co Los Angeles, Cal. 
St. Louis Colyear Motor Sales Co 
American Automobile & Supply 222-1228 South Hill St 


Canada 
Lyman Tube & Supply 
Montreal and 


DW 


IN 


Co 
Toronto 
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Men Available (Continued) 


desires position as chief engineer or research engineer 
with progressive tractor firm. Available Oct. 1. 


GRADUATE MECHANICAL ENGINEER, age 31, desires posi- 
tion preferably in Middle West. Experience for past 
eleven years has been broad and along lines proving 
executive ability as well as success in handling engi- 
neering and production problems. 


MECHANICAL ENGINEER with extensive experience on 
automotive engines and farm tractors would like to 
connect with an aggressive tractor company as chief 
engineer. Formerly chief engineer of a prominent 
tractor company. Thoroughly familiar with modern 
shop methods. Age 382. 


MECHANICAL ENGINEER, university graduate, 27 years 
of age, five years’ shop and design experience in auto- 
motive work, with ability and energy, desires assistant 
engineer or similar position. 


TECHNICAL GRADUATE Mechanical engineer, with ten 
years’ experience on design of high-class motor cars, 
airplane motors and airplanes. In Government air 
service during war. Position as chief engineer or as- 
sistant. Location in Detroit preferred. 


PRODUCTION ENGINEER, expert machine-tool designer, 
28 years of age, single, would like to connect with en- 
gineering firm on road. Has A-1 record. 


DESIGNER AND LAYOUT MAN, experienced on motor, ge”- 
erator and gasoline engine design, desires position with 
a chance for advancement. Age 25; married. 


ENGINEER, 31 years of age, married, ten years’ experi- 
ence in factory, service, sales and executive capacities, 
including export experience, graduate in law, desires 
an opening where extensive experience in the motor-car 
industry, legal training and constructive ideas will be 
advantageous. At present first lieutenant in the Air 
Service. 


INDUSTRIAL ENGINEER with eight years’ experience who 
can show results wishes to secure permanent location 
in the automotive field as superintendent or engineer 
in charge of betterment work. 


PRODUCTION MANAGER Former Ordnance Department 
officer, good executive, with fifteen years’ general auto- 
motive experience in design, testing and production of 
interchangeable parts, desires position with assured 
future in either automotive field or production of metal 
specialties. 


EXECUTIVE, experienced in factory management, pro- 
duction, engineering and inspection work in airplane, 


automobile and steam turbine fields is available for 
position. Thirty-nine years of age, married. Jndus- 
trious, judicious and possesses good initiative. Prefers 


Eastern section, but well acquainted with business in 
the Middle West. 


ENGINEER Technical graduate with good executive 
ability desires employment with a progressive firm 
manufacturing automobiles or accessories in the pur- 
chasing or production departments. Recently produe- 
tion manager of large aircraft factory. 


SUPERINTENDENT OF TRACTOR FACTORY, now employed, 
desires to change to a larger company offering greater 


(Continued on page 54) 


“Positions and Men 
column, page 50. 
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Redmenol 
Qualities 





Resistance to extreme heat. 

Exceptionally high dielectric 
strength. 

Great Mechanical strength, 

Excellent acid resistance. 


Unusual accuracy of dimen- 
sions. 


Singular beauty of fifiish. 


aS 


D 


Perfect Moulded Insulation 





for example: 


Distributor Heads 


Where high-tension voltages must be carried 
evenly, where great heat must be stubbornly 
withstood, manufacturers of high-powered 
gasoline engines choose Redmanol for dis- 
tributor heads. This perfect moulded insu- 
lation assures constant and unimpaired 
distribution because of its extraordinary 
dielectric strength—a property which in- 
creases with age in Redmanol.. Manufac- 
turers are invited to take advantage of the 
splendid research work our laboratory is 
now doing in finding new applications in 
which Redmanol-is markedly superior. ° 


Redmanol Chemical Products Co. 


647 West 22nd Street “- Chicago, Ilfinois 
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MACHINE 


AND 
CAP SCREWS 


All standard sizes. Special 
sizes made to order in quantities. 


SNAP 
FASTENERS 


Our ACME Snap Fastener is 
particularly desirable for fas- 
tening automobile’ curtains, 
tops, windshields, seat covers, 
radiator covers, floor carpet, and 
door pockets. It is used and en- 
dorsed by the largest automo- 
bile manufacturers. 


We make an almost unlimited 
variety of standard and special 
fasteners. 


SPECIAL 
PARTS 


Small stamped and formed 
parts made to order in quan- 
tities. Screw machine prod- 
ucts. 


RAW 
MATERIALS 


Brass, Bronze, Nickel Silver, in 
sheets, rods, etc. Specifications 
as to composition are followed 
exactly. 


Scovill Mfg.Co. 


Established 1802 
Waterbury, Connecticut 


Boston Cleveland 


Rochester Philadelphia 


Chicago 
Detroit 
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Men Available (Continued) 


opportunities of advancement in the tractor field. 
With present company six years. Eighteen years’ 
practical and executive experience covering general 
mechanical and tractor engineering in design, experi- 
mental and production lines. Has specialized on the 
track-laying type of tractor. Capable of handling any 
or all departments of a factory. Salary open; location 
immaterial. 


MECHANICAL ENGINEER Technical graduate with two 
years’ experience in powerplant operation, fuels and 
refinery practice and two years’ experience in airplane 
design desires position with private concern where 
future depends upon ability. At present employed by 
Government on aircraft work. 


MECHANICAL AND CIVIL ENGINEER with five years’ 
practical experience in mechanical drafting, engineer- 
ing, manufacturing and purchasing wishes a position 
with manufacturer where an opportunity will be given 
for advancement. Technical graduate, 28 years of age. 


GRADUATE ENGINEER, mechanical and electrical, with 
ten years’ experience in experimental work and in- 
spection with special attention to aiding production by 
changes in design and shop practice. Also thoroughly 
competent to outline and conduct tests of engineering 
materials and apparatus and to report on and inter- 
pret results clearly and accurately. 


ENGINEER with several years’ experience in the de- 
velopment of gasoline engines, especially aviation 
types, who has held very responsible positions with the 
Government the last two years now desires to locate 
with a private firm building internal-combustion en- 
gines. Capable of taking complete charge of testing 
and development work. 


ENGINEER University graduate, experienced in 
passenger car and truck engineering, designer of sev- 
eral successful engines, desires position with some 
company where high-grade engineering ability is re- 
quired. Competent to take charge of engineering de- 
sign and experimental work. Particularly interested 
in the light-weight car. 


FOREIGN REPRESENTATIVE Factory superintendent 
with sixteen years’ experience in internal-combustion 
engines and automobile accessories intends to visit 
England and desires to represer.t a reliable company 
in the automotive field. Will consider trip to South 
America or Mexico. Has good knowledge of Spanish. 


DIRECTOR OF PURCHASES with twelve years’ purchasing 
and engineering experience desires to make a new 
connection. Has a thorough knowledge of trade con- 
ditions and sources of supply. Is able to judge ma- 
terial from an engineering and manufacturing stand- 
point as well as from the price viewpoint. Age 32, 
married. 


ENGINEER Capable of taking entire charge of engi- 
neering department, 39 years old, a technical gradu- 
ate, fourteen years’ experience in the design and 
manufacture of automotive engineering work, includ- 
ing air-cooled engines, the last few years as chief and 
consulting engineer. Resourceful, capable of initiating 
improvements, carrying out development work and 
finishing designs for quantity production. 


(Continued on page 56) 
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53,000,000 feet of brake lining sold in 1919 


N 1918 there was one automobile 
for every 18 persons in America. 


In 1919 there are over 6,000,000 
cars and trucks which have been in 
service for over one year. 


1920 promises to be the biggest year 
in the history of the automobile in- 
dustry. 


If 53,000,000 feet of brake lining 
were needed in 1919—manufacturers 
and dealers can appreciate the phe- 
nomenal sales that 1920 will offer. 


The national brake inspection 
movement 


With the increase of motor vehicles 
and the increasing traffic and safety 
problems that are confronting the 
country, the necessity of brake legis- 
lation is emphasized. 

Police chiefs in towns of 2500 popu- 
lation and over are supporting the 
movement for efficient brakes. 


Newspapers everywhere are urging 
motorists to be sure of their brakes. 

The Thermoid Chart of Stopping 
Distances, now the Police Traffic 
Regulation Chart, is being given wide- 
spread notice by police chiefs as well 
as by automobile officials. 


Specified by leading engineers 


“A chain is as strong as its weakest 
link”—no stronger, and so also a 
brake or clutch or similar device is 
only as efficient as the material com- 
ome its gripping or braking sur- 
ace. 


Automobile engineers specify Ther- 
moid because experience has proved 
that it is a brake lining that assures 
safe, dependable, efficient service 
under all conditions and at all times. 


The famous Thermoid guarantee 


Every foot of Thermoid Brake Lin- 
ing is backed by our guarantee: Ther- 
moid will make good—or WE WILL. 


rmoid Rubber Compan 


Factory and Main Offices: 
Trenton, N. J. 
New York, Chicago, San Francisco, Cleveland, 


Detroit, Los Angeles, Philadelphia, Pittsburgh, 
Boston, London, Paris, Turin 


Canadian Distributors: 
The Canadian Fairbanks-Morse Company, Lim- 
ited, Montreal. Branches in all principal 
Canadian cities 


[hermoid Brake Lining 


Hydraulic Compressed 


Makers of ‘‘Thermoid-Hardy Universal Joints’ and ‘‘Thermoid Crolide Compound Tires”’ 
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Men Available (Continued) 


0768 EXPERIMENTAL ENGINEER wishes to locate with an 


Eastern automobile company. Has also had a number 
of years of service work and miscellaneous experience 
as an officer in France. 


0773 TECHNICAL MAN with eleven years of practical experi- 


he ence on gasoline engines, accessories and automatic ma- 
_— chinery, seeks position with well-established New York 
company. Has a thorough knowledge of engineering 


subjects and modern methods of production. 
(PATENTED) 0774 











MECHANICAL ENGINEER with eight years’ experience in 
general engineering work and automobile manufactur- 
ing, desires position as an engineer or technical repre- 
sentative in the automotive field. 


0775 DESIGNING AND PROSUCTION ENGINEER with eleven 
years’ experience. Age 28, married. Technical and 
practical executive with initiative and good record, ex- 
perienced in designing and planning of high-grade 
machinery and tools. Good organizer, tactful in 
handling men. Had charge of important Government 
work with private firm during war. Available at once. 





0776 EXECUTIVE ENGINEER, age 25, is open for engagement 
with progressive organization. Good executive and 
‘ *» able to handle men. Has had exceptional experience 
The factor of safety of a car, truck, 


‘ in mathematical designing, drafting, production and 
tractor or power boat is no higher than the order departments, estimation of raw material require- 


factor of safety of the weakest part enter- ments, powerplant tests, maintenance, plant efficiency, 
‘ ‘ ‘ : ; general accounting and business methods. Salary 
ing into its construction. * Which indicates $4,000. 


the necessity for a fine balance of quality 
throughout, and emphasizes the fact that 


*0777 BEARINGS ENGINEER desires to hear from parts makers 
or others contemplating the manufacture of roller 


there is no ‘minor part”’ in an automotive bearings. 
unit. 0778 GRADUATE MECHANICAL ENGINEER, age 3y, with nine 


years’ European and eight years’ american experience 


P P as chief draftsman, supez;ntendent. chief engineer and 
The proved oo capacity of “NORMA” . factory manager of automobile peace F Last six 
€quipped magnetos and lighting gen- years in present position as executive technical man- 
erators—their high factor of safety to ager of well-known automobile manufacturing com- 
which the “NORMA” factor of safety 


pany in neutral country, building cars on American 


contributes—have made them to be the principles. Speaks Hyglish, French and German flu: 


accepted standards with builders who ently. Desires to get ipefeuch with passenger car of 

place serviceability before all else. rd truck building company: *wishing to organize and de- 
velop European interests. 

0779 EXECUTIVE experienced in production and designing 

Be Sure—See That Your engineering with experience also in.sales and adver- 

Electrical Apparatus tising on farm lighting plants, marine engines and 


° motor vehicles. Six months in charge of several 

Is “NORMA” E quippe d. thousand motor vehicles in France. 

0780 EUROPEAN REPRESENTATIVE Chief engineer’ with 
European education, Danish, French, German, and ten 
years’ broad and successful American experience in 
leading. position, with first-class firms in the auto- 
motive industries, wishes to connect with an American 
firm, desirous of obtaining as its European representa- 
tive a capable, honest and ambitious man, with a 
knowledge of European conditions as well as especially 
good connections in the Scandinavian countries, where 
the interest in American products, at the present, 1s 
extremely keen, an exposition of American goods, ex- 
clusively, being scheduled to take place at Copenhagen, 
in the early part of 1920. 


THE NORMA COMPANY OF AMERICA *781 MECHANICAL ENGINEER of high standing, experienced 


four-wheel-drive designer and manufacturer with a 
BROADWAY NEW YORK -* broad experience and successful record, is open for 
iz7veg 


new engagement with the intention of developing and 
Ball, Roller, Thrust and Combination Bearings _ 





(Continued on page 58) 
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RUGGED, dependable joint that has rapidly 
found its way into a large number of repre- 
sentative passenger cars and trucks on account 
of its unusual quality—such quality as only the high- 
est mechanical ability supplemented by some of the 
best engineering talent in the country, can provide. 





are built under expert supervision, careful inspection, and by sound 
and progressive rhanufacturing methods. They embody the highest 
type of conservative engineering and workmanship and are de- 
signed and built to give satisfaction. 


The Arvac “WHY” Bulletin fully outlines the reasons why you 
best serve your own interest by adopting ARVAC Universal 
Joints and Propeller Shafts as your standard. It will be mailed 
upon request. 


Our engineers are at your service in laying out or improving your 
propeller shaft installation. 


ARVAC MANUFACTURING COMPANY 
ANDERSON, INDIANA 
BRANCH OFFICES 


521 Guardian Bidg., Cleveland, O. 2020 Dime Bank Bidg., Detroit, Mich. 
1507 Lytton Bidg., Chicago, IIi, 
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Men Available (Concluded) 


manufacturing a new line and type of high-speed 
motor trucks and road transportation tractors of the 
four-wheel-drive design. 

PRODUCTION MAN with ten years’ experience in draft- 
ing and designing storage batteries, starting and light- 
ing systems, trucks, tractors and aviation engines, de- 
sires to make a change to go into production work 
where initiative and tact will be appreciated. 

CHIEF ENGINEER with eight years’ experience in manu- 
facture of frames and stampings for automobiles, 
trucks and tractors, wishes to make new connection. 
Preference is for a sales position where engineering 
ability will be of advantage. Has shop experience and 
technical training and knows automotive and general 
mechanical construction. 

ASSISTANT ENGINEER, desires experimental or research 
work in New York or immediate vicinity. Age 34. 
GRADUATE ENGINEER with twenty-two years’ experi- 
ence in steam, electrical and automotive lines, seeks 
permanent connection with reliable company, extreme 
East or West. Speaks French and German. Now 
truck engineer in Chicago. 

EXECUTIVE POSITION desired by practical mechanic 
with sixteen years’ experience in the manufacture of 
machine and precision tools and automotive parts and 
a thorough knowledge of the efficient operation of al} 
machine tools. 


POSITIONS AVAILABLE 


OHIO, AUTOMOBILE MANUFACTURER has openings for 
aggressive, well-educated young men capable of de- 
veloping into executives and willing to start at modest 
salary. State age, height, weight, married or single, 
education, experience, knowledge of mechanical draft- 
ing and blueprint reading, service record, present 
salary, salary expected at start, whether any depend- 
ents, and if preference is for purchasing, sales, ac- 
counting, engineering or production. 
SALESMEN experienced in selling batteries and instal- 
ling service stations desired by Eastern manufacturer. 
Previous road selling experience required and good 
knowledge of batteries, service station equipment and 
installation. 
HIGH-GRADE SALESMAN, experienced in automotive 
equipment, ignition and lighting systems and auto 
mobile accessories, needed by Eastern accessory con- 
cern to travel in Latin-America and West Indies. 
Must have good business training and knowledge of 
Spanish. 
ELECTRICAL REPAIRMEN on automobile starting motors 
and generators desired for Eastern service stations. 
SALES ENGINEER to call on trade desired by Indiana 
parts manufacturer. Prefer one with some bearing 
experience. 
MECHANICAL DRAFTSMEN with technical training, pref- 
erably with motor truck or automobile experience. 
DESIGNER WITH PRODUCTION EXPERIENCE in electric 
lighting and starting systems is desired by prominent 
Philadelphia manufacturer. Applications should be 
typewritten. Give education, detailed experience, age, 
present and expected salary. 
MECHANICAL ENGINEER, experienced in automotive 
field, with knowledge of pressed steel manufacturing 
preferred. Splendid opportunity for man with ability 
and initiative, in large organization. Location Middle 
West. 
AERONAUTIC DRAFTSMEN Permanent positions. 
tion near New York City. 

(Continued on page 60) 
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Withstands Perfectly the Radial 
Loads and Thrust of Hard Service 


The pinion shaft, too, calls for a 
rugged hearing assembly able to take 
the radial and thrust loads resulting 
from driving power and gear tooth 
pressure—the sudden working loads on 
the drive shaft. 


To withstand the constant abuse of 
such a location, the above mounting 
with two heavy duty Hyatt Bearings 


at the points of greatest punishment 
supplemented by suitable thrust bear- 
ings, cannot be surpassed. 


Trouble free — non-adjustable be- 
cause adjustment is never needed with 
a Hyatt—such a Hyatt-equipped pinion 
quietly performs its function without 
care or attention throughout the entire 
working life of the motor truck. 


59 


This Rugged Hyatt Pinion Shaft Mounting 


Hyatt Roller Bearing Company, Motor Bearings Division, Detroit, Michigan 


HYATT QUIET BEARINGS 


UUM AU 
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ee firm of A. 
Schrader’s Son, Inc., 
is bringing out a new 
patented Quick Acting Dust 
Cap which besides being 
easy and rapid in attach- 
ment and detachment pos- 
sesses the additional quality 
of being highly ornamental. 


The new Dust Cap is 
made of brass drawn into a 
shell and has two lateral 
teeth or prongs made of tem- 
Schrader Universal Quick ° “-¥ . 
Acting Dust Cap No. 3199 pered steel which fasten into 
Patented Nov. 23, 1915 - 
April 29, 19i9 the thread of the valve-stem. 
There is no screwing or turning of the cap 
to engage the thread of the valve-stem. You 
simply slip the cap over the valve-stem as you 
would slip a thimble over your thumb. The 
entire operation of putting on or taking off the 
new Dust Cap occupies less than two seconds. 
Because of its clean lines and high nickel 
finish it will make a special appeal to motorists 
who are fastidious as to the appearance of their 
cars. 


The retail price is 50 cents or $2.50 for a set 
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743 FOREMAN PUNCH PRESS DEPARTMENT, assistant fore- 


man automatic and hand screw machine department 
and assistant chief inspector. A-1 opportunities for 
first class men with Chicago accessories firm. 
DETAILER wanted by Eastern airplane builder. 
Instructors needed for newly established Motor Trans- 
port School. Blacksmiths, carpenters for body work, 
tire experts with knowledge of press work or solid 
tires, engine men and chassis experts on transmissions, 
clutches and differentials, and a few experts on sheet 
metal and radiator work. 

TOOL DESIGNER, competent to hold position of chief jig 
and tool designer, is desired by a large company in 
England. Salary $5,000. 

PRACTICAL CHEMIST wanted by a Massachusetts fabrie 
manufacturer. 

TooL DESIGNERS wanted by a large automobile firm 
located near Detroit. Men experienced on tools, jigs 
and fixtures desired. Preference will be given to men 
who have had shop practice. In replying state expe- 
rience in full, age and wages expected. 

ENGINEER of proved ability in gas engine and farm 
tractor designing desired by Ohio engine concern. 
Must also be experienced in planning and directing 
production. 


ENGINEER to specialize on trucks wanted by St. Louis 
automobile company. 


of five. 812 FirsT-CLAss LAYOUT AND DETAILER on automobile truck 

. axle work needed by concern located in small town in 

A. SCHRADER’S SON, Inc. mabe Sonny | “a 

783 Atlantic Avenue Brooklyn 815 ENGINEER A technical graduate with good standing in 

mathematics is desired by Eastern manufacturer to 
assist in drafting room and research laboratory. 

818 CHIEF DRAFTSMAN for trailer manufacturer Man 
with good automobile and truck experience capable of 
handling drafting room preferred. Location Middle 

Truck Manufacturer West. “ 

EXPERT AUTOMOBILE DRAFTSMAN, capable of assisting 

the engineer and taking charge of details. Location 

Connecticut. 

853 EXPERT MECHANICAL ENGINEER for work with Detroit 





“Positive Lubrication” ‘Oversize Bearings’’ 


~ 


Are you interested in 
truck builder. 
854 HIGH-GRADE SUPERINTENDENT desired by motor truck 
builder. Location Detroit. 
f nance and tractor work. Location Illinois. 
Oo 856 ASSISTANT ENGINEER technically trained man with 
practical experience in the designing of automobile 
oa * engines and tool fixtures for maximum production 
niversal Joints Wisconsin, 
857 DETAILERS AND LAYOUT MEN on truck and tractor 
A standard product made in six sizes for all _. parts. Location Indiana. 
motor truck requirements. 858 MECHANICAL. DRAFTSMEN for New Jersey machine and 
859 DRAFTSMAN accustomed to layout and detail work on 
small valves, fittings and screw machine parts. Ex- 
perience need not be extensive, but prefer man who 
can work up to a position of responsibility. Location 
860 TRACTOR MEN, designing engineer, checker, estimator 
and draftsmen. Location Illinois. 
861 TrucK DESIGNERS for established tractor builder. Lo- 
cation Illinois. 
who are up-to-date and progressive in methods and 
practical. Location Illinois. 
° e (Continued on page 62) 
Allegan Michigan , 
*See announcement at the head of the “Positions and Men 


P t D li 
p 855 DESIGNING DRAFTSMEN desired for layout work on ord- 
preferred. Good opportunity for right man. Location 
tool manufacturer. 
New Jersey. 
e 862 TooL DESIGNERS capable of designing jigs, tools and fix- 
Blood Bros. Machine Co. tures for economical manufacture. Prefer men 
Available’ column, page 50. 


Pioneer Makers of Universal Joints 
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Nickel—Chrome— Vanadium 


(Churchward) 





Open Hearth and Electric 


Furnace Grades 


A Special Steel for Gears 


United Alloy Steel Corporation 


Canton, Ohio 






DETROIT PHILADELPHIA CHICAGO 
SYRACUSE NEW YORK SAN FRANCISCO 
CLEVELAND INDIANAPOLIS PORTLAND 
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DROP FORGINGS 


Automobile, Truck, Tractor. 
Capacity 1500 Tons per Month 


Rear Motor Support 


Weight, 47% lbs. 
Anything that can be Drop Forged up to 300 Ibs. 


Completely Machined Crank Shafts 


Open Hearth or Alloy Steel 
Heat Treatment 
Laboratory Equipment 


UNION SWITCH & SIGNAL CO. 
SWISSVALE, PA. 


2 Miles East of Pittsburgh, P. R. R. 





Ss These Facts 
Wy Are Significant: 


That Zenith Carburetors are used by the 
majority of European automobile 
manufacturers, including Delage, 
Peugeot, Gregoire, DeDion, and many 
other well-known makers. 


Zenith is used by more than ONE 
HUNDRED American manufacturers 


of passenger and commercial cars. 


Zenith means Power, Economy and 
Reliability. 


Zenith Carburetor Company 


Chicago DETROIT 
London, England 


New York 


Lyon, France Turin, Italy 
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863 DESIGNERS of electric industrial trucks. Men who 
have had broad experience in this line and who are 
qualified to grow into bigger positions. Location 
Massachusetts. 

897 CHIEF INSPECTOR, executive capable of taking charge of 
inspection department of Cleveland passenger car 
builder. 

898 CHECKER AND LAYOUT DRAFTSMEN desired by New 
York State truck builder. 

899 DRAFTSMAN with a thorough knowledge of the design 
and manufacture of small motors, generators and me- 
chanical appliances, with experience in factory meth- 
ods of manufacture, detail drafting, design and check- 
ing. Location New York City. 

900 SALES MANAGER One who has had training as assist- 
ant to a successful motor truck sales manager. Must 
be a practical and experienced truck man with execu- 
tive and organizing ability to build up a dealers’ organi- 
zation and promote the sale of high-grade trucks. 

901 AERONAUTICAL DESIGNERS with at least two years’ 
experience in checking and layout work on automo- 
biles and engines desired for Government work. Loca- 
tion Ohio. 

902 SALES ENGINEER A young man with sales and engi- 
neering ability is wanted for sales department of large 
wheel company. Location Indiana. 

903 LABORATORY ENGINEER by a large Detroit automobile 
company. Young man with natural mechanical ability 
and college education for laboratory research work 
preferred. Experience in dynamometer operation de- 
sirable. A good opening for a man having initiative 
and willingness for hard work. State all details re- 
garding previous experience in application. 

904 TRUCK ENGINEER experienced in the construction of 
bodies and appurtenances incidental to the application 
of bodies to the trucks. Young man with development 
experience preferred. Good opportunity for advance- 
ment. Location Ohio. 

905 MATERIAL SUPERVISOR experienced in requisitioning ma- 
terial used in factory departments, receiving stores and 
shipping department, to take complete charge of all 
materials throughout the plant. Location eastern New 
York. 

906 METALLURGIST for Middle West plant doing case 
hardening of small parts. A technical man with some 
experience and exceptional ability for getting things 
done. 

907 YOUNG TECHNICAL ENGINEER for shop executive posi- 
tion. A man with real possibilities who is seeking an 
opportunity to demonstrate his ability. Experience 
not of the greatest importance as it is expected to give 
him proper training. In application state education 
and accomplishments and include a smal! shotograph 
if possible. Location Indiana. 

908 ASSISTANT CHIEF ENGINEER or chief draftsman for 
New Jersey engine builder. 

909 MACHINE TOOL DRAFTSMAN with good experience. Lo- 
cation eastern New Jersey. 

910 MECHANICAL DRAFTSMEN by an Ohio builder of an air- 
cooled engine. Young men are desired who appreciate 
the advantages to be gained by experience and willing 
to consider the educational value in connection with a 
moderate salary. Some technical education necessary. 

911 CHIEF DRAFTSMAN with experience in this line desired 
by airplane builder located near New York City. 

912 SHOP SUPERINTENDENT with experience in manufacture 
of Diesel and heavy type engines. Location Missouri. 

913 YOUNG EXECUTIVE ENGINEER to act as assistant to con- 
sulting engineer. Location New York City. 


*See announcement at the head of the “Positions and Men 
Available’’ column, page 50. 


December, 1919 









THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 63 


AMIS SY VALI SAS 0s SOT TeS 
MALLEABLE CASTINGS A Fe ASSOCIATION 
















































CASTINGS 


With remarkable and dependable qualities 
physically, mechanically and _ scientifically 
made. 

Castings of predetermined and known 
physical and chemical properties. 


There is a wonderful dif- 


e ‘co 7 
ference between certified ML 
and ordinary malleable { WMUNGHENNA | 
castings. 


Have you investigated their 
application to your busi- 


? 


ness! 


Write any of the following manufacturers 
to whom certificates have been issued 
for the 3rd quarter. 


Albion Malleable Iron Co., Albion, Mich. 
American Malleables Co., Owosso, Mich. 
Chicago Malleable Castings Co., Chicago, Ill. 
Columbus Malleable Iron Co., Columbus, Ohio. 
Danville Malleable Iron Co., Danville, Ill. 
Dayton Malleable Iron Co., Dayton, Ohio. 
Dayton Malleable Iron Co., Ironton, Ohio. 
Eastern Malleable Iron Co., 

Naugatuck Malleable Iron Works, Naugatuck, Conn. 
Eastern Malleable Iron Co., 

Bridgeport Malleable Iron Works, Bridgeport, Conn. 
Eastern Malleable Iron Co., 

Troy Malleable Iron Works, Troy, N. Y. 
Eastern Malleable Iron Co., 

Wilmiugton Malleable Iron Works, Wilmington, Del. 
Eastern Malleable Iron Co., 

Vulcan Iron Works, New Britain, Conn. 
Erie Malleable Iron Co., Erie, Pa. 
Federal Malleable Co., West Allis, Wis. 
Fort Pitt Malleable Iron Co., Pittsburgh, Pa. 
Frazer & Jones Co., Syracuse, N. Y. 
Marion Malleable Iron Works, Marion, Ind. 
Missouri Malleable Iron Co,. E. St. Louis, LIil. 
National Malleable Castings Co., Cleveland, Ohio. 
National Malleable Castings Co., Chicago, Ill. 
National Malleable Castings Co., Indianapolis, Ind. 
National Malleable Castings Co., Toledo, Ohio. 
Northern Malleable Iron Co., St. Paul, Minn. 
Northwestern Malleable Iron Co., Milwaukee, Wis. 
Pittsburgh Malleable Iron Co., Pittsburgh, Pa 
Rockford Malleable Iron Works, Rockford, IIl. 
Ross-Mechan Foundries, Chattanooga, Tenn. 
St. Louis Malleable Iron Castings Co., St. Louis, Mo. 
T. H. Symington Co., Rochester, N. Y. 
Terre Haute Malleable & Mfg. Co., Terre Haute, Ind. 
Union Malleable Iron Co., East Moline, Ill. 
Zanesville Malleable Co., Zanesville, Ohio. 


| The American Malleable 
Castings Association 


1900 Euclid Avenue, 
Cleveland, Ohio. 


Sst: 
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Tite fille 


REG. U.S. PAT. OFF 


ALL-METAL FLEXIBLE TUBING 


FLEXIBLE.WITHOUT SLIDING JOINTS 
TIGHT WITHOUT PACKING 





Enlarged section of Titeflex 
, All-Metal Tubing showing tight 

cold-wel.’cd scam and the convolutions which act as dia- 

phragms to p,oduce flexibility within the metal. 


Armored with braided steel strip TITEFLEX is 
the dependable tubing for all service. 


Our Engineering Department will solve your tub- 
ing problems without expense for service. 


Write for literature, samples, and prices 


Titetlex Metal Hose Corporation 


General Office and Works 
BADGER AVE. AND RUNYON ST., NEWARK, N. J. 


This simple twist will ¥ 
peel dollars from 
labor costs and save 


dats temper red 
your rateked atst ators 








Texaco 
MOTOR LUBRICANTS 


for every requirement of the 
Aeroplane 
Automobile 
Truck, Tractor 
or Motor Boat 


Texaco Lubrication Engineers stand 
ready at all times to assist you in the 
selection of lubricants that will cor- 
rectly meet your needs. 


Put it up to them. 


There’s a Texaco Lubricant that is 
Right for Every Purpose 







THE TEXAS COMPANY 
17 Battery Pl. N. Y. City 


New York Chicago Houston 
Offices in Principal Cities 





Obenberger Forgings 
Are the Work of Experts 


OBENBERGER Forgings are made and 
handled throughout by experts—specialists 
whose ability and practice have proved them 
masters in their line. 


Retlected in the guaranteed service of 
OLBENBERGER products is quality of 
workmanship and material. Orders are 
receivable for Drop Forgings or Forgings 
Hammered from Billets by the thousand or 
100,000. All perfect. 


Write for complete details. 


JOHN OBENBERGER FORGE CO. 


WEST ALLIS WISCONSIN 


a i 


December, 






1919 
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See Our Exhibit 


NEW YORK 
CHICAGO 
AUTOMOBILE 
SHOWS 


“DO-LITE” BEARINGS 


This is an actual photograph—not re- 
touched—of a “Do-Lite” babbitt lined 
aluminum bearing taken from a Curtiss 
Motor after running 100 hours. 


The average life of an ordinary bronze 
back is about 70 hours. 


Send for more information about 
Doehler Bearings and Die Castings. 


THE WORLDS LARGEST MANUFACTURERS OF DIE CASTINGS 


DOEHLER DIE: CASTING Co. 


WESTERN PLANT 
BROOKLYN, N. Y. TOLEDO, OHIO. CHICAGO, ILL. 
SALES OFFICES IN ALL PRINCIPAL CITIES 


DDC-§ 





i The Use 


use of 
mS nd ta and Abuse 
Lie of Ball 
Ho and Roller 


Bearings 


By 
\ a F. J. JAROSCH 
\ seen omen CS Chief Engineer 
2 Bearings Company of 


ani America 
‘- ak 


This booklet is being used today as an 
authority by many of the leading engi- 
neers. It will assist in finding the true 


cause of trouble and will tell how to over- 
come it. 


“The Use and Abuse of Ball and 
Roller Bearings’ should be a part of every 
engineer's library. 


Please send for Booklet 95-Z— it's free. 


Joseph Dixon Crucible Co. 
Jersey City, N. J. Y 


Established 1827 
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 VUL-COT Fibre 





VUL-COT is a 


Super-development 
of 
Vulcanized Cotton Fibre 


VUL-COT has 
been perfected 
and developed 
right in our 
own mills for 
thirty years. 


It represents 
the experience 
of a lifetime in 
developing the 
extra dense- 
ness, toughness 
and wear re- 
sisting qualities 


that give VUL- 


COT such a 
phenomenal 
electrical re- 
sistance. 






















































Then > eee, 
VUL-€QT is 
much easier to 
drill, thread, 
saw and ma- 
chine—it has 
no soft or hard 
spots or fis- 
sures. It is al- 
ways uniform 
—a standard. 


Sold in sheets, 
rods and tubes 
or machined to 
your order. 


AMERICAN VULCANIZED FIBRE <O. 
521 Equitable Building, Wimingten, Del. 


SA 
BOSTON PHILADELPHIA CLEVELAND CHICAGO 
NEW YORK CLUTSOURGH DETROIT ST LOUIS 
for Immediate Checage 


Ww mi. —_. Canachan Agents 
Western Electric Company Northern fhectric Company 


LI Nf. Sane sco SEA 


nT A) as 
Roy Seves SPrs** ign rN T° Saprene 
Oana NeGIN a” 
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MARKO 


STORAGE BATTERIES 


ESTABLISHED 1907 


The Ultimate in Storage Battery Engineering 





Manufactured by 


PAUL M. MARKO & CO., INC. 


Main Office and Works 
1402-1412 ATLANTIC AVE. BROOKLYN, N. Y. 
INTERESTING LITERATURE WILL BE SENT ON REQUEST 


EEP tab on your 

battery! Make 

sure the generator is on 

the job putting back all 

of the “juice” that the 

starter, lights and horn 
stole away. 


Nagel, on your dash, 
tells you. 


The Nagel Ammeter is standard 
equipment on Allen, Auburn, 
Briscoe, Chevrolet, Collier, Econ- 
, Marwell, Mitchell, 
», Moline-Knight, Oldsmobile, 
Oakland, Overland, Pan, Piedmont, 
Stephens, Scripps-Booth, Willys- 
Knight passenger cars, - 
lier, Gramm-Bernstein, 
and Nash motor trucks. 
endorsed by use by the makers 
of the Auto-Lite, Remy and Btjur 
Starting and Lighting systems. 


eyre W.G.NAGEL ELECTRIC QF 


TOLEDO, OHIO. 


In use on over 
1,250,000 cars. 


\ 
i 





Weidely 
Motors 


or Trucks and Tractors 


Four cylinder, valve-in-head 
Motors, with ample bearing surfaces 
and lubrication for heavy-duty truck 
and tractor service. 


Weidely “‘Bulldog’’ Motors have 
been built in large quantities and in 
successful use for years. 

Full details and specifications on 
request. 

Weidely Motors Company 
Indianapolis, U.S. A. 


New York Office, 1790 Broadway 
Mr. Henry G. McComb, Representative 


A Sem 


© =. 


Three area contact, ability to take 
300% to 400% greater thrust load 
than any other annular bearing; these 
qualities distinguish the Schatz Uni- 
versal from ordinary ball bearings. 


THE FEDERAL BEARINGS CO., Inc. 
Poughkeepsie, N. Y. 
Creat Britain: 37 Sheen Road, Richmond, London 
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Ohe 


Starting and Lighting 
Battery 





Has Power and Punch 
Is Dependable and Durable 





Built for maximum service with 
minimum upkeep cost, and backed 
by the largest manufacturer of stor- 
age batteries in the world. 


“Exide” service stations in principal 
cities and towns of the country. 


THE ELECTRIC STORAGE BATTERY CO 
1888 PHILADELPHIA, PA. 1919 


New York Boston Washington Minneapolis Denver 
Detroit San Francisco Kansas City Chicago Cleveland 
Atlanta Rochester Pittsburgh St. Louis 
Special Canadian Representatives—Chas. E. Goad 
Engineering Co., 105 Bond St., Toronto. 
Batteries made for every storage battery purpose. 
















primar Te at 


tf a ae | " 


Ah igi ® yy 


V 





| ted Cars onthe ti 


“ “JASCO TANK 
equipped 


“Jasco” Tanks give you the use of every drop of gasoline and 
prevent fire and explosion. 


Every “Jasco” Tank is an absolutely leakless gasoline re- 
ceptacle, made of the finest seamless drawn steel, tinned and 
tested. 

The worth of the “Jasco” Tank is recognized both by passen- 
ger and commercial car users and manufacturers. Send for 
detailed literature. 

Increased factory facilities enable us to handle large contracts for 
deep drawn steel work. Tell us your needs and specifications—we 
can make you an interesting proposition. 


JANNEY, STEINMETZ & COMPANY 
Main Office: Philadelphia 
New York Office: Hudson Terminal Bidg. 


SS ——_— 


Give the Motorist 
What He Wants! 
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Public approval is the soundest possible basis upon 
which to build your business. For upward of 30 years we 
have been pre-eminent throughout the world in the manu- 
facture of Electrical Measuring Instruments. Today, the 
























Weston 
Model 354 


Ammeter 







of Your 
Battery 












which is adver- 
tised through the 
national publica- 
tions with circula- 
tions totalling 
into the millions, 
is used on a very 
large percentage “jp 
of the highest- 
grade domesti 
and foreign cars. 
A Weston Ammeter will increase your reputation. 

Do you think it is safe to take chances with inferior 
instruments, when the people want the Weston and you 
yourself must know that it is the embodiment of the per- 
fection of the Electrical Measuring art? 

We would like to talk it over with you! 






























































Weston Electrical Instrument Co. 
38 Weston Ave., Newark, N. J. 























New York Cleveland Denver Minneapolis 
Chicago De:roit Cc incinnati New Orleans 
Philadelphia St. Louis Pittsburgh Seattle 
Koston San Francisco Richmond Jacksonville 













Buffalo Rochester 


And in Principal Cities Throughout the World. 










Call on us at 





the New York Show—Grand Central Palace -—Space D-200 
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Ni -_ E ~ a | : me a TELERSUEUGSCHRUGGUGEOCUH OUTLET 
NORTE AS When Higher Price is 


Your Protection 


When a motor’s higher price is due to expensive, 
finished workmanship—ftting, running-in, adjust- 
ing, testing and rigid inspection—then that higher 


! 














CUT DOWN SERVICE 
EXPENSE 


COO TT 





, y i 7 
by selecting the right price is a real protection to you. It insures a 
electrical equipment better motor at a much lower ultimate cost. Such 
is the Wisconsin—a motor that is operation-per- 


fect when it leaves the shops. 





North East apparatus is 
built to endure 


Write for Specifications. 
WISCONSIN MOTOR 
MFG. CO. 


Station A, Dept. 318 
Milwaukee, Wis. 


North East Electric Co. 
Rochester, N. Y. 


ATLANTA KANSAS CITY 

CHICAGO SAN FRANCISCO 

DETROIT NEW YORK 
WINDSOR, ONT., CAN. 


WISCONSIN 
Timing Gears 
are helically cut and 


A 





a{Lfa Galak Gy AE Et OUIPMENT. 








RORVAUTONOMIVE sccreNTeNee 


ee Me | pate 
; = i 
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¥ 





|| Bering Magneto 
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SHEET METAL STAMPING Oakite Cleans Auto 
Le a bung sie tonnes inte come | Frames at Half 


ever built, and have ample capacity for still 


heavier. f t E Ticats 
With our complete equipment we cover the en ac 


entire sheet metal stamping line. 
ss he oe 
We solicit your inquiries. Dying Compartment 





THE CROSBY COMPANY | (7 —Sseme ag 


DETROIT OFFICE: BUFFALO, N. Y. CLEVELAND OFFICE: / | 








> 







415 Schofield Bldg. 





frames on Trolley 





“A better spark tn a simpler way’’ ¥ 


L (LtOver? 4 


* Paint Sprays: Not Water: Ookite-Plalers 
Sprays - Cleaner Sprays: 


TEA i, 
The GLE mm OR for Painted 
High Tension a ts 
MAG N ETO AKITE replaced an alkali 


prepared cleaner in this 
auto plant after exhaustive 


for Trucks and Tractors—two, four or six cylinders—with fixed or tests. 
variable spark. Conforms to S. 4. E. standards. Write for booktet. 


. —~ Frames are cleaned by 
&) = i -—-olie aieaeael a) spraying with Oakite Solution 
(O.P.C.) 


1200 gallon supply tank for- 
merly made up weekly now 
made up every two weeks. 


a, MS ON About 12,000 auto frames 


Samples Cheerfully Submitted for Tests. 


Write for our Folder No. 19 Describing Our Complete are cleaned in a two week run, 


Line. . 
Automobile mirrors will soon be a necessary standard equip- with a total of only 350 pounds 
ment for trucks and passenger cars. * 
Why not equip your trucks and cars now with the ‘‘Hindview”’ of Oakite for make-up and up- 
Auto Mirrors? 
Safer and easier driving has already been recognized through keep. 
legislation in six states by requiring the use of mirrors 
e states realize the necessity of protecting the life and 


The 
limb of pedestrians and the property of drivers on the road 


ay Sed Soe aueaecy  etuedins Ser pee This brings the cost of cleaning 
KALES ST AMPING COMP ANY material down to less than one-half 


DETROIT 448 W. Lafayette Boulevard MICHIGAN cent a frame. 


We will erhibit at the New York and Chicago Passenger Car Shows 


heed] | 
4 + Tolley: 4 
} 


AUTOMOTIVE ENGINEERS 






his Adver- 
| tisement is 
one of a ser- 
ies based on 
actual occur 

rences. w wm 







In seeking advice on clean- 

| ing problems, look for broad 

experience and ability. It is 

the surest, safest way to find 

sound counsel, yes — and 

plans, methods and materials 

too, that fit your particular 
needs. 


Send for Descriptive Matter 
on the Wonderful 


Guaranteed C Everyone 
for the life wants 


of the car 7G, pe ORAULIC GEAR SHINE it 





U. S. AUTO GEAR SHIFT CO. oe 


122 S. Michigan Ave. Chi MANUFACTURED BY 
ner ae seats QAKLEY CHEMICAL CO. 


36 THAMES STREET- NEW YORK 


Lg EN 
ed oe, 
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BusH 
RADIATORS 


for trucks, tractors 
and airplanes 


Bush Manufacturing Co. 
Hartford, Conn. 


Regular Equipment 


Gilmer Woven Products are regular equip- 
ment on more than half the automobiles in 
America. 

Woven Endless Fan Belts 
Body, Spring and Radiator Shims 
Radiator and Hood Lacing 
Rebound Straps 
Top, Tire and Door-check Straps 
Strainer Web 
Webbing for All Purposes 

All these products are solid-woven, espe- 
cially for automotive parts, under the direc- 
tion of a competent Engineering Department. 
Years of use have demonstrated their supe- 
riority in the service for which they are de- 
signed. 


Consultation solicited. 


L. H. GILMER CO. 


PHILADELPHIA 


Detroit Chicago 


ECLIDSE 


- BENDIX DRIVE 
Electric Starters | 


AUTOMATIC ENGAGING 
AND DISENGAG/ING 





Used hy 
IO motor car and 
truck builders 





ECLIPSE MACHINE CO 
ELMIRA, NEW YORK. 





iiiiiatasiiahiecemennenie a —— 








[_ SUNDERMAN | 


CARBURETOR 


Delivers a highly explosive mixture 
with extreme economy. 


SUNDERMAN CORPORATION 


NEWBURGH, N. Y. 








er, 1919 


“CASTINGS: 


ALUMINUM-ZINC-TIN LEAD ALL°YS 


Acme Die-Castin Corp. 


Boston Rochester Brooklyn N.Y. 

















ENGINEERS 


Airdromes—Fields, Equipment, Operation. 
Aircraft—Design, Construction. 
Aerial Transportation. 


United Aircraft Engineering Corporation 
52 Vanderbilt Avenue 
New York 


1018 South Wabash Avenue 
Chicago, Ill. 


52 Vanderbilt Avenue 
New York City 








Frasse-Electric 
Tool and Alloy Steels 


Automobile Steels 


All Grades and Finishes 


CATALOG ON REQUEST 


MANUFACTURED BY 


PETER A. FRASSE & CO., In 


General Offices, NEW YORK 
Frasse Steel Works—Hartford, Conn. 
STOCKS AT WAREHOUSES 


New York Buffalo 


Philadelphia Hartford 


AUBURN BALL THRUST BEARINGS 


ROBURN T-1/14 





ANSWER END THRUST FRICTION PROBLEMS 
_——, = en = — fh a 


AUBURN BALL BE BEARING COMPANY 
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SOW HY DO YOU USE SUCH 
AND SUCH A PART?” is a 
question often asked of automotive 
engineers. In the case. of Acco 
Cork for gaskets and washers there 
are several excellent reasons: It 
stops leaks permanently; it pre- 
vents rattle; it cuts down cost of 
machining; it makes a trim, clean- 
cut job. Samples and literature 
free upon request. 


Armstrong Cork Company 
127 Twenty-third St., Pittsburgh, Pa. 
Branches tn the Principal Cities 


Te f Gaskets 


a oe Washers 





OIL-LESS BUSHINGS | 


TRADE MARK RBG. U. 8. PAT. OFF. 


ON AIRPLANES, these oil-less neglect-proof 
bushings are protecting vital parts against 
dampness and lack of lubrication. 


BOUND BROOK and NIGRUM 


All Genuine Graphited Oil-less Bushings have always 
been made at Bound Brook, U.S.A. 
BOUND BROOK 
OIL-LESS BEARING CO. 
Specialists in the manufacture of 
Oil-less Bushings for more than 
a third of a century 


Bound Brook, New Jersey 





Detroit Office: 1723 Ford Bldg. 





BROWN-LIPE 


TRANSMISSIONS 


BROWN-LIPE-CHAPIN 


DIFFERENTIALS 





Factories and General Offices, Syracuse, N. Y. 


Export Agents, BENJAMIN WHITTAKER, Ltd., 
56 Ludgate Hill, London, E. C. 4 








Spurs 

Bevels 
Mitres 
Spirals 
Helicals 
Worms 
Worm Gears 


Trade Mark 


CROFOOT GEAR WORKS 
INCORPORATED 


Cambridge 
BOSTON, MASS. 


31 Ames St. “A Branch 
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A Big Aid to 
Greater 
Production and 
Lower Costs 


HHH 
PTTT tT ty 





If any part of an industrial product 
can be successfully die-cast, instead 
of machined, it is well to take advan- 
tage of the fact. 






















Never before did the markets of the 
world offer the same opportunity. 





To be suited to large distribution a 
product must have its costs low 
enough and it must be adaptable to 
quantity production. 


In helping both these factors—low- 
ering costs and increasing production 
—the Franklin Die-Casting process 
strengthens the weakest links in the 
economic chain—has done so in many 
great branches of industry since its 
first introduction 27 years ago. 





Send for our Booklet “A.” Sample 
of blue print is enough for our es- 
timate and recommendation. Have 
our engineers consult with you. 
We would welcome a letter from 
you. 


. Te 


= 
HH cc 





Franklin Manufacturing Company 


755 Gifford Street 


Syracuse, N. Y. 


| 
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IMONDS 


- 


HIGH GRADE ELECTRIC ANo AND CRUCIBLE ee SPECIAL ALLOY STEEL 


ve a alle 
PARK wrecratty 


COUNTER BALANCED 
CRANK SHAFTS 


PATENTED JULY 10, 1917 















Quick Get-a-way 
Higher R. P. M. 

Reduced vibration 
Smoother running motor 
Eliminated bearing troubles 


We have shipped 83,893 Counter Balanced Crank 
Shafts up to December 3, 1919. 


The Park Drop Forge Co. 


CLEVELAND 





















TRANSMISSIONS Manufactured by 


MECHANICS MACHINE CO 


vat | WA MMOND 
UNIVERSAL “JOINTS » Manufactured by 


MECHANICS MACHINE CO. 


of ROCKFORD, ILL MALLEABLE IRON CO. 


STEERING GEARS. is 2 co. HAMMOND, INDIANA 


of COLUMBUS, OHIO 

















RADIATORS | ep Manufactured by High grade malleable iron castings 
of JACKSON, MICHIGAN for automobile, truck and tractor. 

"Send all inquiries to Average tensile strength 50,000 Ibs. 
c. A. __ Sc unGineeiN co. Capacity 20,000 tons per annum. 


790 Woodward Ave. Detroit, Mich. 
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The Cost of Stopping 


The moment a machine stops—its earning 
power is stopped and your overhead goes up. 








| Saeee = 


a fe PTT L . 


ER Ree 
MT 













No machine can earn more than its bearings will let 


it. If the bearings wear out quickly and have to be 


3 7 ay Wise A ® 
replaced the machine stops, and stops earning fre- M * 
quently. If the bearings need constant oiling and at- 3 ap x Vik 









tention their up-keep is costly. 


This is not true of Arguto Oilless Bearings which run 
on day after day performing their tasks without inter- 
ruption or stops or attention, frequently for as long as 
15 years at a stretch. 








Machines equipped with Argutos never have their 
earning power stopped by bearing troubles. 


Full information for the asking. 






© Arguto Oilless 
ARGUTO OILLESS BEARING CO. etsy 


156 Berkley Street WAYNE JUNCTION 
PHILADELPHIA 





Da te ae Pee ee 
Vertes 





COLUMBIA STEEL & SHAFTING CO. 


MILLS EASTERN SALES DEPARTMENT 
AND GENERAL OFFICES AND WAREHOUSE 
PITTSBURGH, PA. BOSTON, MASS. 





MANUFACTURERS OF 


COLD DRAWN AND DIE ROLLED ROUNDS, HEXAGONS, SQUARES, FLATS, 
SPECIAL SHAPES, SCREW STOCK, AXLE AND ALLOY STEELS 
**COLUMBIA”’ TURNED AND POLISHED STEEL SHAFTING 
THE LARGEST AND MOST COMPLETE STOCK OF COLD FINISHED STEELS 


“COLUMBIA”? TURNED AND POLISHED SHAFTING 


The superiority of turned shafting for certain purposes over the product of the cold 
drawing and cold rolling processes is well known to most users. For transmission pur- 
poses in particular it is most preferable, since by the turning process the structure of 
steel is not changed and the shaft can be key-seated without the results produced by 
the same operation on a cold drawn or cold rolled product. In this class of work we use 
the best quality of machinery steel obtainable for the purpose; the bars finished by our 
method are highly polished, absolutely true to gauge and accurately straightened. 

All “Columbia”’ Shafting In sizes 2 5/16 inches and larger is turned and polished (unless 


otherwise desired), and we are equipped to furnish smalier sizes so finished if ordered in 
sufficient quantities. 


_ GHICAGO CLEVELAND DETROIT NEW YORK 
SALES OFFICES: PHILADELPHIA DAYTON 
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THE BEARINGS COMPANY OF AMERICA, 
of Lancaster, Penna., builders of Ball Thrust 
Bearings. Bearings built to your require- 
ments. Your present bearing sizes 
duplicated. 


“STERLING” Universal Joints 
Drop Forgings 
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THE BEARINGS COMPANY OF AMERICA 
LANCASTER, PENNA. 
Western Sales Office, 1012 Ford Bldg., Detroit, Mich. 
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AEROPLANES AUTOMOBILES 


TRACTORS TRUCKS 
LOCOMOTIVES MOTOR BOATS 
SUBMARINES MACHINE TOOLS 
GAS ENGINES MOTORS 

REQUIRE 


Pacific Office Detroit Office 


F. M. Cobbledick Co. 905 
693 Mission St. Dime Bank Bldg. 
San Francisco, Calif. 





Detroit, Mich. 


Home Office and Factory: Bantam, Conn. 


THE BANTAM BALL BEARING CO. 


December, 
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Made on Honor 
Sold on Merit 


THE VAN DORN & 


OF AUTOMOTIVE ENGINEE 


YOUR 
CUSTOMERS 


look to you with confidence to supply their 
needs with cable that will give full satisfaction. 
You can strengthen this good will by confining 
your purchases to a long-established brand of 
cable. Send for samples of Packard and Packard, 
Jr. today. It’s guaranteed to give satisfaction. 


tke Kotab 
Warren, Ohio 


Dallas, Detroit, Atlanta, Kansas City, 
Seattle, Chicago, New York 


San Francisco, Minneapolis 


DUTTON O60, 


Gear Specialists 
CLEVELAND, OHIO 
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SMITH PRESSED STEEL FRAMES 








We have one of the largest and best equipped 
plants in the world for passenger and truck 
frames of any design and capacity. Our 
facilities for Heat Treated Frames of which 


we are large producers are unsurpassed. 


A. O. SMITH CORPORATION 


MILWAUKEE 


Detroit Office 708 Ford Building 


The immediate engineering ap- 
proval accorded Spicer Universal 
Joints and Propeller Shafts upon 
their introduction in 1904 has been 
validated by their record of fifteen 
years. 





Today they are serving quietly, effi- 
ciently, enduringly on over one hun- PROPELLER SHAFTS 
dred of the best known automobiles 
and trucks. Grease - tight, dust- 
proof, with all parts interchange- 
able, they are a standard of the in- 





dustry. 
Sales Representatives: 
-L. D. BOLTON, 
2215 Dime Savings Bank Bldg., Detroit, Mich 
A. H. COATES, 
41 Spear Street, San Francisco, Cal. 


21 State Street, New York, and _— atw 
56 Ludgate Hill, London, E. C. 4 SOUTH PLAINFIELD, N. J. 
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DEEP MUD 

Without an effective traction de- 
vice, the big, smooth tires of a heavy 
truck ‘‘ainly spin around in the deep 
mud, said or snow; the wheels will 
not, of themselves, ‘‘dig in’’ and pull 
the truck forward. Prest - O - Grips 
give the safe, sure positive traction 
needed. 


Some traction devices are difficult to put on and 
take off the truck wheel. Prest-O-Grips are 
easily put on and taken off. This is their distinctive 


feature. See the patented Lock Links illustrated 
below. 


For trucks that do 

not have the neces- 

sary clearance  be- 

tween brake drum or 

brake mechanism and 

The patented felloe to permit the 
Prest-O-Grip Lock “8 of the regular 
Linke. Easy to spoke clamp—we fur- 
gnap on or off! nish our No 33 
Never rust. Your Clamp, which is at- 
hands are the tached to the felloe 
only tools neces- Of the wheel in- 
sary. stead of the spoke. 


OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


Prest-O-Grip 


Traction Chains for Solid Tires 


Easy to Snap On or Off—Give Safe, Sure and Positive Traction 


During the war we furnished the Government with Prest-O-Grip 
equipment for more than 75% of the trucks purchased. 


The Rowe Calk and Chain Company 


Plantsville, Conn. 
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SNOW and ICE 


Prest-O-Grips are the ideal emergency chains. 
The anchors for the chains are permanently at- 
tached to the truck wheels, making it possible for 
the individual cross chains to be quickly attached 
when needed and just as quickly detached when the 
need has passed. 


Every autotnotive engineer, truck 
owner, jobber and 
dealer should have a 
copy of our No. 8 
truck data 
sheet, listing price 
and details of equip- 
ment for all leading 
makes of trucks. 
No need to measure 
spokes or rims. 
Every truck listed 
by make and _ ton- 
nage. 


BY INVITATION 
mcMeeR OF 


now YORK USA 
















































































PRECISION SCREW 
MACHINE PRODUCTS 
SPECIALIZING ON 


Spring Shackle Bolts, Rocker 
Arm Studs, Connecting Rod 
Bolts, Carburetor and Magneto 
Parts, Plain and Castellated Nuts, 
Push Rods, Valve Lifters, Cap 
Screws, Valve Tappets, Studs and 
Pins of all kinds. 


Preferably parts of Nickel and 
Alloy Steels, requiring accuracy 
in machining and heat treating. 


Permit us to quote you 
on your requirements. 


ERIE SPECIALTY ©. 


ERIE, PA. 
New York Office 8 West 40th St. 
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it TRUCK AND TRACTOR MOTORS ~ | 
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i MODEL H. “LMF” MOTOR 
| 3144 x 414—4 cylinder—17%” diameter crankshaft 


3Y. x 414—4 cylinder—2” diameter crankshaft 


| LIGHT MANUFACTURING & FOUNDRY COMPANY, ne Pa. 
sehen saon lad kiaiat edaieeaitiniantins — 





OUR OPES LOTTERERDRRORS. IT 10/0 +88000) SeeRMBEREREONE DOSE TEE' (1 //)RDRONDOONOERE IRENE I DE4 FteWRTESON®: reennee vanes 


UNION DRAWN STEEL CO. 


General Offices: Beaver Falls, Pa. Works: Beaver Falls, Pa., and Gary, Ind. 


COLD Shafting 
BESSEMER 
DRAWN Screw Steel { OPEN HEARTH 


NICKEL—1% AND 34% 

Alloy Steels | NICKEL CHROMIUM 

(Heat Treated or not) CHROMIUM 
CHROMIUM—VANADIUM, ETC. 


Axles, Piston Rods 
POLISHED | Special Shapes 


pecial Case-Hardening Steels 


Cold Finished Bessemer, Open Hearth, Crucible and Electric 
Furnace Steels 


BRANCHES: 
New York Detroit Cincinnati Boston Philadelphia Chicago Buffalo 
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Williams’ Demountable-Rim Tool 


[RIX changes are annoying enough at best—why not remove as much 
of the curse as possible? 


That’s what Williams’ Demountable-Rim Tool is designed to do, for it 
thoroughly replaces, in one tool, the individual Screwdriver, Special Wrench, 
Hammer and Tire Tool of the old-time kit. 


It’s just a handful of compact efficiency. 


Let us tell you about it. 


J. H. Williams © +. 


“The Drop-Forging People’’ 


11 So. Clinton St. 11 Vulcan St. tt) Richards St. 
CHICAGO, ILL. BUFFALO, N. Y. BROOKLYN, N. Y. 


ECAUSE of their quality 


and consistent perform- 


eS 
| OL EDO ance have established for 
VAL VE S themselves an enviable rep- 
utation, 


and are now con- 
TRADETTMARK sidered STANDARD 


EQUIPMENT by many of the largest and most discrimi- 
nating manufacturers of motors, trucks, tractors, pumps, 
compressors, motor cars, engines, locomotives, and motor- 
cycles in this country and abroad. 


THE TOLEDO STEEL PRODUCTS COMPANY 


FORMERLY 


TOLEDO, OHIO THE LEWIS STEEL PRODUCTS COMPANY 


NN 11. 1A UM 
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BAKELI 
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The more intricate the desired piece, 
the more economy in molding it with 


BAKELITE 


There is no question about thin or fine members—for Bakelite has 
great mechanical as well as dielectric strength and also high heat 
resistance — a combination of qualities unusual in moulding com- 
pounds. 





ae 
- = 


There is no question about the finishing of awkward corners or 
setting-in delicate metal parts—for Bakelite takes a dependably 
accurate impression from the mould and therefore needs little trim- 
ming, while metal inserts can be incorporated in the moulding. 


t 
ne 
; 


There is no question about maintained size or durability — for 
Bakelite will not shrink, warp, swell or split after moulding, and 
is unaffected by water, oil, steam or ordinary solvents. 

There is no question about the practical economy in Bakelite for 
moulded electrical or mechanical parts. Where can you use it? 

| 


The GENERAL BAKELITE COMPANY, 2 Rector Street, New York, welcomes inquiries from 
manufacturers and maintains a research laboratory for the working out of new applications. 
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Employers—When 
You Need Men 


with engineering or executive training 
and experience 


Write the Society of Automotive Engineers 
Employment Service 
29 West Thirty-ninth Street 
New York City 


We make absolutely no charge either 
to employer or employe for the employ- 
ment service we render. This work is 
conducted for the benefit of S. A. E. 
members and companies in the automo- 
tive and related industries. Names and 
particulars as to salary, etc., are treated 
confidentially if desired. 


Employes—When 
You Need a Job 


or desire to make a change in occupation 
write us. 

We are glad to be of service in help- 
ing you locate. S. A. E. members are 
granted free use of the Men Available 
Columns in the S. A. E. Journal. 


Both Employers and Employes 


Should consult and use (without 
charge) the Men and Positions Avail- 
able Columns beginning on page 50 in 
the Advertising Section of the Journal 


of the Society of Automotive Engineers. « 
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SK F BALL 
BEARINGS 


—for radial loads with high speeds or 
conditions of mis-alignment. 





HESS-BRIGHT 
BALL BEARINGS 


—for combined radial and heavy thrust 


loads or shock conditions. 
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Quality Cars 
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Built as the Country made War 


Through industrial co-operation! This is the ideal that 
S K F had in mind two years ago when it established its re-: 
search staff for the study of bearing applications. 


With the market crying for cars in unprecedented quan- 
tities the maintenance of both quality and deliveries is no 
slight task. And it is in this situation that the engineering 
assistance that S K F is able to render shows most markedly 
the value of co-operation. 


The S K F research staff is equipped to take over the bear- 
ing problems of any manufacturer and with a product that 
knows no rival and a wealth of experience and investigation 
that is unequaled, solve them to both the manufacturer’s and 
the public’s satisfaction. 


Manufacturers are invited to avail them- 
selves of this bearing service at any time. 


S K F INDUSTRIES, INCORPORATED 
Sales, Service and Research Division 


165 Broadway, New York City 


| | 


. BF U bares > tty i} y4 

S K F Ball Bearings 
ND. Hess Bright Bal Bearings || 
Atlas Steel Balls ' 

Gronkvist Chucks 


Transmission 
ers 
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Froude Dynamometers 


Read the opinion of the Sunbeam Motor Car Co., who were the Manufac- 
turers of the engines fitted in the famous R34 Air Ship—the first Air 
Ship to make a non-stop voyage acr .3 the Atlantic. 


THE SUNBEAM MoToOR CAR Co. LTD. 


AVIATION ENGINE DEPARTMENT, 


—e ‘Bs 

pon pelle Se M SS Sy . 
Sole Manufacturers: = ai ag at - 

penne mia/uons/T WOLVERHAMPTON, 52th 4 st, 19 


HEENAN ogee 
FROUDE _ .--. 
Ltd. B= 


WORCESTER 
ENGLAND 


power, etc. re asured 


ships of thi "lass. 


Fer SUMSEAM MOT, “AR . LTO. 
Yh - 
/ 
a é 


A &. 
- ABBAT AAT GHG NCEA 


The following is an extract of letter from Messrs. Rolls-Royce: 


“All our Aero Engines are tested by means of ‘Froude’ Dynamometers, 
and the two Eagle Engines fitted in the Vickers-Vimy-Rolls Aeroplane 
which successfully crossed the Atlantic, piloted by Capt. Sir J. Alcock 
and Lieut. Sir A. Witten Brown were also tested by means of the 
‘Froude’ Dynamometer before despatch.” 
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The first Standard Truck 
nearly len Sears ago 
was Fisemonrlguipped, 
and every one since fias 
had an £isemant 

under the hood. 








“t@an the remote logging camps, leagues 
from any community, a never-failing source 
of ignition must be assured. 


Heavil) loaded trucks , operating under the 
most severe conditions ,on the roughest 
of roads,can always be depended upon 
when equipped with the sturdy and 
rugged Eisemann Waterproof Magneto. 


eS KKNN 
EISEMANK 
THE MARK OF PERFECT IGNITION 


Plant and General Offices - 52 Thirty-third St., Brooklyn N-Y. 


CHICAGO-910 S.Michigan Avenue 
DETROIT—- 85 Willis Avenue, West 
LONDON, ENG ~ Stanley JoWatson,37SheenRoad 












H | 
y 


J 








SEE US AT THE SHOWS: 





New York Passenger Car Exhibit, Spaces D 59-60-61-62. 
Chicago Passenger Car Exhibit, Spaces 8-9-10-11. 


New York Truck Exhibit; Spaces 88-103. 
Chicago Truck Exhihit, Spaces 32-33. 
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“Our Conference With the Anderson Engineers 
Just Settled Our Crankshaft Specifications” 
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Invariably a conference with the Anderson Engineers 
proves resultful. 


Such, it may be, is due to the close contact of Anderson 
Organization with so many of the recent automotive suc- 
cesses, and its intimate relation for so many years with the 
automobile industry. 


In any event, it is a frank tribute to the recommendations 
of the Anderson Engineers regarding crankshaft design 
and specifications. 


ANDERSON FORGE & MACHINE COMPANY, DETROIT, U.S. A. 
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aa The Ten-Acre Plant 
: of the 
New Process Gear 
Corporation 


Spiral Bevel Gears 
Operate Quietly 


They require expert gear-knowledge to 
make and when built right are a distinct 
asset to any Car, 


We have the largest equipmentof any gear- 
manufacturer for producing Spiral Bevel 
Gears. Our factory can accept orders for 
differentials and meet exacting delivery dates. 
We also make gears for transmission. 


INNew Process Gears are backed by 26 
years of progressive gear-building. 


New Process Gear Corporation 


Syracuse — ae New York 
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SERVICE Shows 
the Way to I oreign Markets 


Readjustment from pre-war conditions finds 
many concerns ready for sales campaigns in 
foreign markets, but lacking the knowledge pos- 
sessed by specialists in export trade. 


December, 1919 


_ It is a practical impossibility for any one manufacturer to 
amass the data, chart the ways, and to successfully merchan- 
dise his product without the initial mis- 
takes and delays that mark the entrance 
of American firms into foreign 


fields. 
A. P. C. provides this 


service, safeguards 
your interests, pre- 
vents mistakes of 
judgment and estab- 
lishes connections of 
permanent value 

to you. If you 

are seeking inter- 
national! distribu- 
tion, we can show 

you the way 


Automotive 


Products 
Corporation 


Woolworth Bidg # 
' New York 
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Agathon Chrome Steel 
: Agathon Nickel Steels 
- . Agathon Chrome Nickel 
Agathon Vanadium 
Agathon Chrome Vanadium 
Agathon Special Analysis 


GATHON 


Alloy STEELS ........ 


SYRACUSE 
EXPORT—NEW YORK 








DETROIT 
CLEVELAND 
CHICAGO 


CENTRAL STEEL COMPANY 
Massillon, Ohio 
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NEW HOME OF 


ORR MILLER 
IFFERENTIAL 
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THE FOREST CITY si 


THE FOREST CITY 
MACHINE & FORGE « 
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Announcement 


HE FOREST CITY MACHINE & FORGE COMPANY has acquired the Dorr Miller Differ- 
‘% ential Company's plant at Detroit, Mich., with exclusive license for the manufacture and sale of 
the Dorr Miller Differential for the United States. This company has a large and complete ma- 
chine plant and an organization that formerly produced Government Munition work and all types 


and sizes of tools and gauges. We have recently added spiral gear cutting machines, heat treating 
plant, laboratory, etc. 


The Dorr Miller patents under which we are working are broad and comprehensive, and the 
differential has been thoroughly tried and perfected during the past four years, and these differ- 
entials will hereafter be made in the company’s factory at Cleveland, Ohio. 

We are ready for production of quantities with prompt deliveries and precision workman- 
ship, such as this organization is capable of producing with its proven ability as demonstrated in 
filling munition contracts and making gauges that passed the Bureau of Standards. 

Write or wire us and our engineering department will call and give you all possible informa- 
tion in regard to supplying Differentials with or without spiral ring gears and pinions. 


THE FOREST CITY MACHINE & FORGE CO. 
Nov. 1, 1919 CLEVELAND, OHIO 


We will exhibit at both shows 


NEW YORK CHICAGO 
Space D-159, Grand Central Palace Space 7, Coliseum 


1919 
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OR nearly four years .Thermoid- 

Hardy Universal Joints” have 

stood the most drastic tests on 
every type of automobile from the 
lightest passenger car to the heaviest 
truck. They have given as high ‘as 
60,000 miles of continuous hard service 
without wearing. loose or losing their 
valuable shock-absorbing qualities. 


The Thermoid-Hardy process 


The. great strength and durability of 
Thermoid-Hardy Universal Joints are 
largely due to the patented process by 
which they are constructed. 


The elastic discs are built up from lay- 
ers of fabric woven from long strand 
Sea Island cotton. Each layer is im- 
,pregnated with a special friction com- 
pound, which is driven into the mesh 


of the cloth by means of heavy steel 
rollers. 


The fabric is:then cut into squares and 
piled up’ fanwise in the well-known 
Thermoid-Hardy formation, so that the 
strands of cotton in each layer run in 
a different direction from those of the 
preceding layer. This insures a uni- 
form strength and elasticity which can 
be obtained in no other manner. 


The layers are finally welded together 
undér hydraulic pressure until the disc 
becomes one compact, ‘homogeneous 


THERMOID-HARDY 


THE 
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The layers are arranged 
fanwise, so that the 
strands of eotton in 
the various plies run 
in different directions. 
This patented construc- 
tion gives the dise a 
uniform strength and 
elasticity which can 
be obtained by no 
other method, 





The bolt holes are re- 
inforced with fluted 
steel washers 





Three separate discs 


are bolted -together in 
one joint 


A ee ee 


mass, which is cured under heat to just 
the proper degree of flexibility. The 
completed disc has a tensile strength of 
3400 pounds per square inch. 


Repair bills reduced 


Manufacturers have found that repair bills 
can be greatly reduced by using Thermoid- 
Hardy Universal Joints. The elastic discs 
absorb the injurious shocks and vibrations 
which are intensified by old-fashioned 
metal couplings. The wear on shafting, 
gears, bearings and rear axle is thus mini- 
mized, and the life of the car prolonged to 
a marked degree. 


Fifty leading manufacturers of passenger 
cars and trucks have adopted Thermoid- 


Hardy Universal Joints as standard equip- 
ment. 


Send for our new book, “Universal Joints 
—Their Use and Misuse.” It will give you 
details of construction, records of perform- 
ance and opinions of leading engineers. 


When you build a car with its drive shaft 
cushioned by Thermoid-Hardy Universal 
Joints, you build a more quiet running car 


—one with fewer come-backs for adjust- 
ment. 


Thermoid - Hardy Universal Joints 
will make good or—WE WILL. 


ermoid Rubber Compan 


Sole American Manufacturers 
Factory and Main Offices: Trenton, N. J. 


New York Chicago San Francisco Cleveland 
Detroit Los Angeles Philadelphia 
Pittsburgh Boston London Paris Turin 


UNIVERSAL 
JOINT 


Fanwise construction for strength 


Makers of “‘Thermoid Hydraulic Compressed Brake Lining’’ and ‘‘Thermoid Crolide Compound Tires’’ 
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A Good Steel Wheel 
Must First be a 
Good Steel Casting 


LL Standard Steel Wheels are made ] 


from “electric” steel with a ten- 

sile strength of approximately 
80,000 pounds to the square inch. There 
is nothing better. 

We operate the only steel foundry in 
the world devoted exclusively to the 
manufacture of steel wheels. 

From stock we can furnish all sizes of 
wheels for both solid and pneumatic 
tires for standard makes of axles. These 
wheels are completely machined and 
ready for application. 

To the truck manufacturer “Standard” 
wheels make a strong appeal because of 
their durability, dependability, and low 
er assembly costs. The cost of assembly 
is lower because the wheels are cast in- 
tegral, in one piece, and dimensions are 
under absolute control. 

The use of Standard Steel Wheels 
practically eliminates the cost of wheel 
maintenance. 

And steel wheels are good under all 
climatic conditions. 

Standard Steel Wheels will be exhibited 
at both New Y ork and Chicago Commercial 
Car Shows. 

We invite you to come and see us or 
we will call on you upon request. 


THE STANDARD STEEL 
CASTINGS COMPANY 


General Sales Offices, Hickox Building 
Cleveland, Ohio 
Foundries: Cleveland, Chicago 


December, 


1919 





December, 1919 
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You cca always recognize a Timken 
Bearing by its taper—tapered rollers 
revolving about a tapered “cone,” 
within a tapered cup. To the taper is 
due two things that have given Tim- 
ken Bearings their supremacy in pas- 
senger car, truck and tractor: 

1. Resistance to wear—because a 
tapezcd roller bearing resists end- 


OF AUTOMOTIVE ENGINEERS 


thrust, the sidewise pressure of the 
vehicle’s weight as it rounds a curve 
just as well as it does the steady down- 
ward pressure caused by gravity. 


2. Take-up for wear—because when 
the surfaces of cup, cone and rollers 
become slightly worn a part turn of an 
adjusting nut brings them together 
again and the bearing is as good as new. 


93 


plus Timken Laboratories 


Test tubes, reagents, optical apparatus, machines for 
testing tensile strength, resistance to compression and 
shock, are all part of the complex laboratory apparatus 
that stands guard over Timken quality. 


In the Timken laboratories every ingredient that 
goes into the steel is tested. Every pouring of steel 
from the electric furnaces is tested. Rollers, cups and 
cones are tested. Assembled bearings run at high speed 
and subjected to heavy shock, are tested. 


The Timken laboratory works, not only to assure 
uniformity of raw material, but to make certain that 
through uniformity of process the composition, toughe 
ness and hardness of steel is the same in every Timken 
Bearing. 


7 THE TIMKEN ROLLER BEARING COMPANY 
; Canton, Ohio 
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Woven Facing was Good 


—but this Molded facing far exceeds 
the woven product in performance. 
Raybestos Molded clutch facing is 
compressed into one solid piece. The 
surface takes on a hard polish that 
naturally improves clutch operation. 
Leading automotive engineers have 
adopted Raybestos Molded facing be- 
cause it increases the efficiency of any 
disc clutch. Patented and fully guar- 
anteed. 


The Raybestos Company 


Bridgeport Connecticut 


But This is Better 
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Ross GEAR & Toor Cnpany, Eighth é Heath Sts. Lafayette Ind. 


TONEY 
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iin 
Snierstate 


=, 


a Gears and pinions made 
of Interstate Alloy Steels 


are used by many man- 
ufacturers of good me- 
chanical equipment. 


>mber, 1919 


Interstate Alloy Steels are 
obtainable in chrome 
vanadium, chrome-nick- 
el, 34% nickel and spec- 

aoe ial analysis open hearth 
steels. 


Suterstate Iron and 

Steel Company 

104 S. Michigan Ave. 
> CHICAGO iN 


bea Rm 
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~ Just as Important as 
Steel Springs or Rubber Tires 


The purpose of springs, rubber tires and governors is to avoid 
vibration—the most destructive element known in mechanics. 


= 


Fast driving of trucks, with their stiff springs and solid tires, 
is just as disastrous as driving at the proper speed without springs 


or tires. Furthermore, speeding is the cause of 76% of all truck 
accidents. 


4 


Pierce Governors positively stop this abuse, increasing the life 
and efficiency of any truck and cutting maintenance costs in half. 


That’s only ONE of the reasons why ninety-nine truck 
manufacturers have made Pierce Governors standard equipment. 


“ze Pierce Governor Company 
Anderson, Indiana 


‘Worlds 
CGargest 
overnor 
Builders 
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N account of the remarkably superior 

service, provided by SPIREX radiators 
on the HOLT Five Ton tractor during the 
war, the HOLT COMPANY has adopted 
them as Standard Equipment. 


Under winter operating conditions the 
SPIREX radiator gives a service that is dis- 


ENGINEERS 





MODINE 


SPIREX 


RADIATORS 


tinctly superior. The extra large water chan- 
nels—the fact that the core construction 
throughout is of the finest copper—and the 
fact that the air cells are reinforced by the 
famous SPIREX spiral, greatly increases its 
strength and durability and greatly decreases 
the chances of freezing, and all other winter 
cooling troubles. It is practically leak-proof 


MODINE MANUFACTURING COMPANY 


Racine 


Wisconsin 
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WASSON 


Concentric Peened Piston Rings of Uniform 





CuT | 


PISTON 





Ares of Gap in Cut #1 = Clearance 


Some of Our Users 


Aeroplane Makers 

Packard, 

for Liberty Motor 
Wright Martin 

Aircraft Corp. 
Hispane-Suiza Motor 
Trego Motor Corp., 

for Liberty Motor 
J. P. Morgan, 

for British Government 
J. G. White, 


for French Government 


Automobile Manufac- 


turers 
Cadillac Chandler 
Nash Marmon 
Hupp Cole 
Chalmers White 
Peerless Mitchell 


Tractor, Marine and 
Stationary Work 
Wallace Tractor Co. 
Emerson Brantingham 
New London Ship & Eng. 
Co. 
McIntosh & Seymour 
J. W. Lathrop & Co. 
General Electric Co. 
New York Air Brake 
Ingersoll Rand 
St. Mary's Oil & Gas Eng. 
Co. 
Stan. Motors Const. Co. 





WASSON PISTON RING CO., 
LAKE SALES COMPANY, 1947 Broadway, N. Y. C. 


S 


and Permanent Pressure 


Service Bulletin No. 8 


30° Angle Joint 


The amount of clearance allowed between the 
free ends of a piston ring is governed primarily by 
the coefficient of expansion of the material used and 
the angle or type of joint. 


From cuts 1 and 2 it is apparent that the free path 
through which leakage of gas or oil can occur will 
have a much greater area in the step or lap joint 
ring than in the 30° angle joint. 


The step or lap joint requires a clearance equal to 
the entire lineal expansion, while the 30° angle joint 
requires only % that amount. 

It also follows as this clearance increases through 
wear of the ring or cylinder, the resultant leakage 
as between the two types will increase in the same 


ratio. 


CUT 2 


PISTON 





Aree of Gap in Cut F2 = Sine 30° times Clesrance 


Aree of Gap = 1/2 Clearance of Cut 1 


Plainfield, N. J. 


SALES AGENT 


December, 1919 


December, 1919 
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Be, Coasities often overlook the selling value of appearances. 
Consider the radiator, for example. The Seamless Helical Tube 
Type not only is sturdy, but it looks so. Prospects have seen such 
radiators on the highest-priced trucks, and they assume that the truck 
so equipped is honestly built. 


The Rome-Turney Helical Tube is distinctive in having no corruga- 
tions or pockets which obstruct the air flow. It naturally is highly 
efficient as a radiator, and the design is so durable that we guarantee 
the Rome-Turney Seamless Helical Tube Sections for the life of the 


,motor. 


ROME-TURNEY RADIATOR COMPANY 
Rome, N. Y. 
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e STORAGE 


ai f BATTERY 





Wand Theesded Rubber asatation T | 
Which Costs Most? 


Forget that small difference in first cost. 











: Think of batteries in terms of service. yf: 
Remember that the small addi- gives the greatest value per dollar i: 
tional amount you pay for of your total battery cost. 
:: Threaded Rubber Insulation buys Threaded Rubber Insulation has : 
i longer battery life,more satisfactory already proved its case through the : 
service and consequently fuller use ‘@™arkable performance of thou- 
sands of batteries that have had its 
of the car, and in practically every ; 
: : protection. Many of these bat- : 
case a better satisfied owner. teries have been in service more 
: When it comes to results there’s than three years and are still de- 
: only one profitable battery invest- livering current for starting, light- - 
: ment—that is the battery which ing and ignition. ss 
Willard Storage Battery Company 
Cleveland, Chio 
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eee aCe yy PoE SEWED 
See german salir: ; 


Manufacturing space three 
times that of old plant. New 
equipment. Improved meth- 
ods. Better service. 





All to make, if possible, a closer re- 
lationship with 8S. P. customers—and 
all developed by the S. P,. policy to 
make Drag Links, Starting Cranks, Rod 
Assemblies, with a little more charac- 
ter than is customary in parts not 
usually regarded as requiring a high de- 
gree of accuracy 


Carefully manufactured assembly parts 
pay the car builder. 


Constantly increasing demand for parts 
so produced has made necessary the en- 
larged facilities. 


No. 1 No. 2 
Main Plant Bolt & Screw 
> 
Cleveland, Ohio Plant 


Cleveland, Ohio 
Valves 


Tappets Chassis Bolts 
Spring, King and Special Bolts 
Tie Rod Bolts —e 
No. 3 
Hart Ave. 
Plant 


Detroit, Michigan 


No. 4 
Conant Ave. 
Plant 


Detroit, Michigan 
Drag Links ; Drag Links 

Rod Assemblies _ Rod Assemblies 
Starting Cranks Starting Cranks 
Ete. Ete. 


4 


Lt 


our 
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Absorbers, Shock 
Hartford, Inc., Edw. V. 


Airplane Parts 
Curtiss Aeroplane & Motor Corp. 
Erie Specialty Co. 
Standard Parts Co. 


Airplanes 
Curtiss Aeroplane & Motor Corp. 
United Aircraft Engineering Corp. 


Ammeters 
Nagel Electric Co., W. G. 
Westinghouse Electric & Mfg. Co. 
Weston Electrical Instrument Co. 


Automobile Accessories 
United States Auto Gear Shift Co. 


Axle-Housings, Cast Steel 
Standard Steel Castings Co. 


Axle-Housings, Pressed Steel 
Detroit Pressed Steel Co. 
Hydraulic Pressed Steel Co. 
Smith Corp., A. O. 


Axles, Cold Drawn 
Union Drawn Steel Co. 


Axles, Front and Rear 
Hero Manufacturing Co. 
Park Drop Forge Co. 
Savage Arms Corp. 
Standard Parts Co. 
Union Switch & Signal Co. 
Williams, J. H., & Co. 
Wyman-Gordon Co. 


Babbitt Metal 
Merchant & Evans Co. 


Balls, Steel 
Auburn Ball Bearing Co. 
Marlin-Rockwell Corp. 
New Departure Mfg. Co. 
S K F Industries, Inc. 


Bands, Brake 
Lancaster Steel Products Co. 
Raybestos Co. 


Bands, Felloe 
Jaxon Stee? Products Co. 


Barrels, Steel 
Hydraulic Pressed Steel Co. 


Bars, Bronze Cored 
American Bronze Corp. 


Bars, Iron and Steel 
Interstate Iron & Steel Co. 
Marlin-Rockwell Corp. 


Batteries, Ignition, Lighting and Starting 
Automotive Products Corp. 
Electric Storage Battery Co. 
Ericsson Mfg. Co. 
Paul M. Marko & Co., Inc. 
North Fast Electric Co. 
Willard Storage Battery Co. 


Batteries, Storage 
Paul M. Marko & Co., Inc. 


Battery Parts 
Paul M. Marko & Co., Inc. 


Beams, Channels and Angles 
Interstate Iron & Steel Co. 


Bearing Metal, Babbitt 
Muzzy-Lyon Co., Ltd. 


Bearing Metal, Bronze 
American Bronze Corp. 
Federal Bearing & Bushing Corp. 


Bearings, Babbitt and Bronze 
Doehler Die-Casting Co. 
Federal Bearing & Bushing Corp. 
Franklin Mfg. Co. 

Muzzy-Lyon Co., Ltd. 


Bearings, Ball 
Auburn Ball Bearing Co. 
Automotive Products Corp. 
Bantam Ball Bearing Co. 
Bearings Co. of America 
Fafnir Bearing Co. 
Federal Bearings Co. 
Gurney Ball Bearing Co. 
Marlin-Rockwell Corp. 
New Departure Mfg. Co. 
Norma Co. of America 
Oakes Co. 
S K F Industries, Inc. 


Bearings, Ball Thrust 
Bearings Co. of America 


Bearings, Bronze 
American Bronze Corp. 
Federal Bearing & Bushing Corp. 


Bearings, Graphite and Babbitt 
Muzzy-Lyon Co., Ltd. 
Bearings, Oilless 
Arguto Oilless Bearing Co. 


Bound Brook Oil-less Bearing Co. 


Bearings, Roller 
Automotive Products Corp. 
Bower Roller Bearing Co. 
Hyatt Roller Bearing Co. 
Marlin-Rockwell Corp. 
Norma Co. of America 
Spicer Mfg. Corp. 
Standard Parts Co. 
Timken Roller Bearing Co. 


Bells or Gongs, Mechanical 
New Departure Mfg. Co. 


Belting, Fan 
Gilmer Co., L. H. 
Graton & Knight Mfg. Co. 


Belting, Leather 
Graton & Knight Mfg. Co. 


Belting, Link, Round and V 
Graton & Knight Mfg. Co. 


Belting, Rubber 
Goodyear Tire & Rubber Co. 


Belting, Silent Chain 
Morse Chain Co. 
Whitney Mfg. Co. 


Blanks, Gear 
Central Steel Co. 
Park Drop Forge Co. 
Standard Parts Co. 


Boats, Flying 


Curtiss Aeroplane & Motor Corp. 


Bolts, Chassis 
Erie Specialty Co. 
Steel Products Co. 
Bolts, Coupling 
Steel Products Co. 
Bolts, King 
Erie Specialty Co. 


Bolts, Spring 
Erie Specialty Co. 


Brake Rod Assemblies 
Standard Parts Co. 
Steel Products Co. 


Brakes 
Raybestos Co. 


Bulbs, Incandescent Lamp 
Westinghouse Electric & Mfg. Co. 


Bumpers 
Hartford, Inc., Edw. V. 
Thermoid Rubber Co. 


Bushings 
Erie Specialty Co. 
Muzzy-Lyon Co., Ltd. 


Bushings, Bronze 
American Bronze Corp. 
Federal Bearing & Bushing Corp. 


Bushings, Oilless 
Arguto Oilless Bearing Co. 
Bound Brook Oil-less Bearing Co. 


Cable Assemblies 
Packard Electric Co. 


Camshafts 
Anderson Forge & Machine Co. 
Muskegon Motor Specialties Co. 
Obenberger Forge Co., John 
Park Drop Forge Co. 
Savage Arms Corp. 
Union Switch & Signal Co. 
Wyman-Gordon Co. 


Carbureters e 
Beneke & Kropf Mfg. Co. 
Wilcox-Bennett Carburetor Co. 


Carbureters, Gasoline 
Sunderman Corp. 
Zenith Carburetor Co. 


Cars, Passenger 
Automotive Products Corp. 


Castings, Aluminum, Brass and Bronze 
Acme Die-Casting Corp. 
American Bronze Corp. 
Doehler Die-Casting Co. 
Federal Bearing & Bushing Corp. 
Franklin Mfg. Co. 
Light Mfg. & Foundry Co. 


Castings, Die 
Acme Die-Casting Corp. 
Doehler Die-Casting Co. 
Franklin Mfg. Co. 
Light Mfg. & Foundry Ce. 


Castings, Malleable Iron 
American Malleable Castings Assn. 
Hammond Malleable Iron Co. 


Castings, Steel 
Standard Steel Castings Co. 


Chains, Anti-Skid 
Rowe Calk & Chain Co. 


Chains, Automobile Engine 
Morse Chain Co. 
Whitney Mfg. Co. 


Chains, Block 
Morse Chain Co. 
Whitney Mfg. Co. 


Chains, Silent 
Morse Chain Co 
Whitney Mfg. Co. 


Chains, Sprocket Wheel 
Morse Chain Co. 
Whitney Mfg. Co. 


The Index to Advertisers is given on pages 112 and 114 
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KENNEDY AXLES 


FOR HIGH-GRADE MOTOR TRUCKS 


BUILT TO ENDURE 


Y combining advanced and improved structural features with 
widely recognized mechanical principles and by the use of the 
highest quality materials and workmanship, KENNEDY 
AXLES transmit the greatest possible percentage of engine 
power to the wheels under all conditions of road, speed and load- 
ing. 
HIGH POINTS OF KENNEDY AXLES 


Internal gears enclosed and run in oil Powrlok differential standard equipment. 
bath. 


All parts readily accessible for inspection 


Driving torque shocks absorbed through ‘ 
- ” and adjustment. 


heavy coiled springs. 
Two sets of brakes, of unusually large Shafts and gears of alloy steel, scien- 
diameter, internal expanding. tifically heat treated. 

MADE IN THREE MODELS 


Model 15 Model 25 Model 35 
Permissible Load on Spring Pads 4,200 Ib. 7,500 Ib. 12,000 Ib. 


Detailed Specifications and Literature on Request 


EXHIBITED AT NEW YORK AND CHICAGO TRUCK SHOWS 


THE HERO MANUFACTURING COMPANY 


2350 Westmoreland Street 
Philadelphia, Pa., U.S. A. 
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Chains, Transmission or Driving 
Baldwin Chain & Mfg. Co. 
Link Belt Company 
Morse Chain Co. 


Charging Apparatus, Electric Vehicle 
Westinghouse Electric & Mfg. Co. 


Chrome Vanadium 
United Alloy Steel Corp. 


Chucks, Quick Change 
Whitney Mfg. Co. 


Clamps 
Williams, J. H., & Co. 


Clamps,. Hose 
Schrader’s Son, Inc., A 


Cleaner, Air 
Wilcox-Bennett Carburetor Co. 


Cleaners, Metal 
Oakley Chemical Co. 


Cleaners, Waste 
Oakley Chemical Co. 


Cleats, Fiber 
American Vulcanized Fibre Co. 


Clutches 
Borg & Beck Co. 
C. A. S. Engineering Co. 
Detlaff Co., A. J. 
Hartford Automotive Parts Co. 
Merchant & Evans Co. 


Collars, Ball Bearing 
Bantam Ball Bearing Co. 


Compounds, Cleaning 
Oakley Chemical Co. 


Compounds, Cutting 
Oakley Chemical Co. 


Conduits and Fittings, Electrical 
National Metal Molding Co. 
Titeflex Metal Hose Corp. 


Connecting-Rods 
Anderson Forge & Machine Co. 
Obenberger Forge Co., John 
Park Drop Forge Co. 
Savage Arms Corp. 
Williams, J. H., & Co. 


Connections, Tire Pump 
Schrader’s Son, Inc., A. 


Coolers, Air, Oil and Water 
Heenan & Froude, Ltd. 


Cooling Systems 
G & O Mfg. Co. 
Harrison Radiator Corp. 
McCord Mfg. Co., Inc. 
Modine Mfg. Co. 
Rome Turney Radiator Co. 


Couplings 
Thermoid Rubber Co. 


Cranks, Starting 
Steel Products Co. 


Crankshafts 
Anderson Forge & Machine Co. 
Obenberger Forge Co., John 
Park Drop Forge Co. 
Savage Arms Corp. 
Union Switch & Signal Co. 
Williams, J. H., & Co. 
Wyman-Gordon Co. 
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Cutters, Keyway 
Whitney Mfg. Co. 


Differentials 
Brown-Lipe Chapin Co. 
Forest City Machine & Forge Co. 
New Process Gear Corp. 
Ross Gear & Tool Co. 


Disks, Clutch 
Thermoid Rubber Co. 


Disks, Friction 
Arguto Oilless Bearing Co. 


Disks, Steel Clutch 
Oakes Co. 


Drive, Electric Motor 
Eclipse Machine Co. 


Drives, Silent Chain 
Morse Chain Co. 
Whitney Mfg. Co. 


Drop Forgings (See Forgings, Drop) 


‘Drums, Brake 


Raybestos Co. 


Drums, Pressed Steel Brake 
Crosby Co. 
Hydraulic Pressed Steel Co. 
Oakes Co. 


Dynamometers 
Heenan & Froude, Ltd. 


Engineering, Airplane Design 


United Aircraft Engineering Corp. 


Engines, Aeronautic 
Curtiss Aeroplane & Motor Corp. 


Engines, Crude Oil 
Midwest Engine Co. 


Engines, Diesel Type 
Midwest Engine Co. 


Engines, Marine 
Midwest Engine Co. 
Wisconsin Motor Mfg. Co. 


Engines, Passenger-Car 
Buda Co. 
C. A. S. Engineering Co. 
Continental Motors Corp. 
Midwest Engine Co. 
Weidely Motors Co. 
Wisconsin Motor Mfg. Co. 


Engines, Tractor 
Buda Co. 
C. A. S. Engineering Co. 
Hercules Motor Mfg. Co. 
Hinkley Motors Corp. 
Light Mfg. & Foundry Co. 
Midwest Engine Co. 
Waukesha Motors Co. 
Weidely Motors Co. 
Wisconsin Motor Mfg. Co. 


Engines, Truck 
Buda Co. 
Cc. A. S. Engineering Co. 
Continental Motors Corp. 
Hercules Motor Mfg. Co. 
Hinkley Motors Corp. 
Light Mfg. & Foundry Co. 
Midwest Engine Co. 
Waukesha Motors Co. 
Weidely Motors Co. 
Wisconsin Motor Mfg. Co. 


facings, Clutch 
Raybestos Co. 
Thermoid Rubber Co. 


Fans, Radiator Cooling 
Oakes Co. 


Farm Machinery, Power 
Automotive Products Corp. 


Fasteners, Snap 
Scovill Mfg. Co. 


Fiber, Vulcanized 
American Vulcanized Fibre Co. 


Filters, Air 
Heenan &-Froude, Ltd. 


Forgings, Drop 
Anderson Forge & Machine Co. 
Bearings Co. of America 
Obenberger Forge Co., John 
Park Drop Forge Go. 
Savage Arms Corp. 
Smith Corp., A. .O. 
Spicer Mfg. Corp. 
Union Switch & Signal Co. 
Williams; J. H., & Co. 
Wyman-Gordon Co. 


Frames, Pressed Steel 
Detroit Pressed Steel Co. 
Hydraulic Pressed Steel Co. 
Savage Arms Corp. 

Smith Corp., A. O. 


Gages, Tire Pressure 
Schrader’s Son, Inc., A. 


Gaskets 
Goodyear Tire & Rubber Co. 
McCord Mfg. Co., Inc. 


Gaskets, Cork 
Armstrong Cork Co. 


Gaskets, Fiber 
American Vulcanized Fibre Co. 


Gasoline 
Texas Co. 


Gear Shifting Devices 
United States Auto Gear Shift Co. 


Gears 
Anderson Forge & Machine Co. 
Crofoot Gear Works, Inc. 
Link-Belt Company 
Morse Chain Co. 
New Process Gear Corp. 
Ross Gear & Tool Co. 
Savage Arms Corp. 
Van Dorn & Dutton Co. 
Wyman-Gordon Co. 


Gears, Differential 
Van Dorn & Dutton Co. 


Gears, Speedometer 
Van Dorn & Dutton Co. 


Gears, Steering 
C. A. S. Engineering Co. 
Ross Gear & Tool Co. 


Gears, Timing 
Van Dorn & Dutton Co. 


Generators, Battery Charging (for Elec: 
tric Vehicles) 
Westinghouse Electric & Mfg. Co, 


The Index to Advertisers is given on pages 112 and 114 
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What Does the Name Remy 








Really Mean to the Motorist? 








Accurately to gauge the attitude of millions of 
motorists toward Remy Starting, Lighting and 
Ignition Systems has been one of our chief self- 


assigned tasks throughout the year now draw- 
ing to a close. 


We have propounded to ourselves the question, 
“What does the name Remy really mean to the 
motorist?’’—and have insisted on an answer 


based other than in terms of sales made or 
corporate profits earned. 


The answer is now known—hurled back at us 
by countless thousands of veteran Remy users. 








Men who have gladly picked up the subtle 
gauntlet thrown down in our national adver- 
tising—and of their own accord expressed their 
preference and enthusiasm for Remy quality and 
constancy of performance. 


It is this universal satisfaction on the part of 


motorists who know their Remy systems that 
gives the answer to our question. 


Possibly this will help you to understand why 
the Remy-equipped motor car is an easier car 


to sell—and keep sold throughout its years 
of service. 


Remy Electric Company 


General Offices and Factory: Anderson, Indiana 





STARTING LIGHTING IGNITION SYSTEMS 
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Generators, Ignition and Lighting 
Ericsson Mfg. Co. 
Gray & Davis, Inc. 
North East Electric Co. 
Remy Electric Co. 
Splitdorf Electrical Company. 
estinghouse Electric & Mfg. Co. 


Governors, Engine 
Pierce Governor Co. 


Graphite 
Dixon Crucible Co., Jos. 


Greases, Cup and Gear 
Dixon Crucible Co., Jos. 
Texas Co. 


Hangers, Pressed Steel Step 
Detroit Pressed Steel Ce. 
Hydraulic Pressed Steel Co. 


Heat Treating 
Frasse & Co, Inc., Peter A. 


Heaters, Car Body 
Perfection Heater & Mfg. Co. 


Heaters, Mixture 
Master Primer Co. 


Hinges, Door 
Oakes Co. 


Horns 
C. A. S. Engineering Co. 


Hose, Gasoline 
Goodyear Tire & Rubber Co. 
Thermoid Rubber Co. 
Titeflex Metal Hose Corp. 


Hose, Radiator 
Goodyear Tire & Rubber Co. 
Thermoid Rubber Co. 


Hubs, Wheel 
Anderson Forge & Machine Co. 
Standard Parts Co. 


Ignition Apparatus 
Atwater Kent Mfg. Co. 
Dayton Engineering Laboratories Co. 
Eisemann Magneto Co. 
Electric Sterage Battery Co. 
Ericsson Mfg. Co. 
Gray & Davis, Inc. 
North East Electric Co. 
Packard Electric Co. 
Philips-Brinton Co. 
Remy Electric Co. 
Westinghouse Electric & Mfg. Co. 


Instruments, Electric Measuring 
Weston Electrical Instrument Co. 


Instruments, Measuring and Testing 
Norma Co. of America 


Insulation, Molded 
General Bakelite Co. 


Jacks 
Hartford, Inc., Edw. V. 


Joints, Universal 
Arvac Mfg. Co. ; 
Bearings Co. of America 
Blood Brothers Machine Co. 
C. A. S. Engineering Co. 
Hartford Automotive Parts Co. 
Merchant & Evans Co. 
Spicer Mfg. Corp. 
Thermoid ubber Co. 


Keys, Woodruff 
Victor Screw Works 
Whitney Mfg. Co. 


Knuckles, Steering 
Park Drop Forge Co. 


Lamps, Truck, Tractor, Passenger Car 
Gray & Davis, Inc. 


Leathers, Automobile, Clutch and Lace 
Graton & Knight Mfg. Co. 


Levers, Speed Control 
Detlaff Co., A. J. 


Linings, Brake 
C. A. S. Engineering Co. 
Raybestos Co. 
Thermoid Rubber Co. 4 


Linings, Frame 
Gilmer Co., L. H. 
Linings, Transmission 

Raybestos Co. 


“Links, Drag 


Steel Products Co. 


Lubricants 
Dixon Crucible Co., Jos. 
Texas Co. 


Lubricators 
McCord Mfg. Co., Inc. 
Merchant Evans Co. 


Machine Work, General 
Savage Arms Corp. 


Machine Work, Special 
Link-Belt Co. 


Magnetos 
American Bosch Magneto Co. 
Eisemann Magneto Co. 
Ericsson Mfg. Co. 
Remy Electric Co. 
Splkdorf Electrical Co. 
Teagle Co. 


Manifolds, Exhaust and Intake 
Standard Parts Co. 


Metal Products 
Scovill Mfg. Co. 


Motors, Electric Vehicle 
Westinghouse Electric & Mfg. Co. 
Motors, Gasoline. (See Engines.) 
Motors, Starting. (See Starters, Electric 
Engine.) 
Nails 
Interstate Iron & Steel Co. 


Nuts 
Victor Screw Works 


Oils, Lubricating 
Texas Co. 


Packings, Cup 
Graton & Knight Mfg. Co. 


Paints 
Dixon Crucible Co., Jos. 


Pencils 

Dixon Crucible Co., Jos. 
Pinions 

Van Dorn & Dutton Co. 


Pins, Piston 
Steel Products Co. 


Pins, Taper 
Victor Screw Works 


Pots, Annealing 
Hammond Malleable Iron Co. 


Power Transmission Machinery 
Morse Chain Co. 
Whitney Mfg. Co. 


Primers, Engine 
Master Primer Co. 


Propeller-Shaft Assemblies 
Hartford Automotive Parts Co. 


Pumps, Centrifugal 
Midwest Engine Co. 


Pumps, Turbine 
Midwest Engine Co. 


Radiators 
Bush Manufacturing Co. 
C. A. S. Engingering Co. 
Fedders Mfg. Co.” ”"" 
G & O Mfg. Co. 
Harrison Radiator Corp. 
McCord Mfg. Co., Inc. 
Marlin-Rockwell Corp. 
Modine Mfg. Co. 
Rome-Turney Radiator Co. 


Rectifiers, Battery Charging 
Westinghouse Electric & Mfg. Co. 


Retainers, Ball 
Bantam Ball Bearing Co. 
Bearings Co. of America. 


Rims, Pneumatic Tire 
Firestone Steel Products Co 
Jaxon Steel Products Co. 
Standard Parts Co. 


Rims, Solid Tire 
Jaxon Steel Products Co. 


Rings, Piston 
Automotive Products Corp. 
Piston Ring Co. 
Wasson Piston Ring Co. 


Rivets 
Interstate Iron & Steel Co. 


Rods, Brass 
Scovill Mfg. Co. 


Rods, Drill 
Lancaster Steel Products Co. 


Rods, Fiber 
American Vulcanized Fibre Co. 


Roller Bearings. (See Bearings, Roller.) 


Rust Preventatives 
Oakley Chemical Co. 


Screw Machine Products 
Erie Specialty Co. 
Scovill Mfg. Co. 
Spicer Mfg. Corp. 
Victor Screw Works 


Screws, Cap 
Erie Specialty Co. 
Scovill Mfg bo. 
Steel Products Co. 
Victor Screw Works 


Screws, Machine 
Scovill Mfg. Co. 


The Index to Advertisers is given on pages 112 and 114 


December, 1919 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 109 


Oakes 


“=> Fens 








The car, truck or tractor 
you build deserves the 

best fan that expert- 
engineers can pro duce. 


At "Fan Headquarters we 
solve cooling problems for 
over 250 leading makers, 
which proves our ability 
—to furnish the best fan 
for your exact needs. 


se 
S, teen, 












we 







See us at the Chicago 
oan ow, Booths 141 to 
45. 


SET TINT TT 
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Seaplanes 
Curtiss Aeroplane & Motor Corp. 


Shafting, Cold Drawn 
Columbia Steel & Shafting Co. 
Union Drawn Steel Co. 


Shapes, Cold Drawn 
Columbia Steel & Shafting Co. 
Lancaster Steel Products Co. 
Union Drawn Steel Co. 


Sheets, Brass 
Scovill Mfg. Co. 


Shims, Bearing 
Laminated Shim Co. 


Shoes, Tire 
Firestone Steel Products Co. 


Spark-Plugs 
Splitdorf Electrical Co. 


Speed Controlling Devices 
Pierce Governor Co. 


Springs, Leaf 
Standard Parts Co. 


Sprockets 
Baldwin Chain & Mfg. Co. 
Morse Chain Co. 


Stampings 
Crosby Co. 
Detroit Pressed Steel Co. 
Hydraulic Pressed Steel Co. 
Kales Stamping Co. 
McCord Mfg. Co., Inc. 
Oakes Co. 
Smith Corp., A. O. 
Spicer Mfg. Corp. 


Starters, Electric Engine 
Gray & Davis, Inc. 
North East Electric Co. 
Remy Electric Co. 
Splitdorf Electrical Co. 
Westinghouse Electric & Mfg. Co. 


Starting, Automatic Meshing Drive for 
Eclipse Machine Co. 


Steel, Alloy 
Central Steel Co. 
Columbia Steel & Shafting Co. 
Frasse & Co., Inc., Peter A. 
Interstate Iron & Steel Co. 
Lancaster Steel Products Co. 
Simonds Mfg. Co. 
Union Drawn Steel Co. 
United Alloy Steel Corp. 


Steel, Axie 
Central Steel Co. 


Steel, Bessemer and Open-Hearth 
Columbia Steel & Shafting Co. 


Steel, Bright Finished 
Union Drawn Steel Co. 


Steel, Chrome 
Interstate Iron & Steel Co. 
United Alloy Steel Corp. 


Steel, Chrome Nickel 
Interstate Iron & Steel Co. 
United Alloy Steel Corp. 


Steel, Chrome Vanadium 
Interstate Iron & Steel Co. 


The Index to Advertisers is given 


Steel, Cold Drawn 
Yolumbia Steel & Shafting Co. 
Lancaster Steel Products Co. 
Union Drawn: Steel Co. 

Steel, Crucible 
Marlin-Rockwell Corp. 


Steel, Electric Furnace 
Simonds Mfg. Co. 
United Alloy Steel Corp. 


Steel, High Speed 
Marlin-Rockwell Corp. 

Steel, Nickel 
Columbia Steel & Shafting Co. 
Interstate Iron & Steel Co. 
Lancaster Steel Products Co. 
United Alloy Steel Corp. 


Steel, Screw 
Columbia Steel & Shafting Co. 
Union Drawn Steel Co. 

Steel, Silico-Manganese 
Interstate Iron & Steel Co. 
United Alloy Steel Corp. 


Steel, Strip 
Lancaster Steel Products Co. 


Steel, Tool 

Lancaster Steel Products Co. 
Strapping 

Graton & Knight Mfg. Co. 


Switchboards, Charging 
Electric Storage Battery Co. 


Switches, Lighting and Starting 


Westinghouse Electric & Mfg. Co. 


Tacks 
Interstate Iron & Steel Co. 


Tanks, Air 
Janney, Steinmetz & Co. 


Tanks, Gasoline 
Janney, Steinmetz & Co. 


Timers 
Splitdorf Electrical Co. 


Tire Accessories 
Firestone Steel Products Co. 


Tires, Pneumatic and Solid 
Firestone Steel Products Co. 
Goodyear Tire & Rubber Co. 
Kelly-Springfield Tire Co. 


Tool Holders 
Williams, J. H., & Co. 


Torsion-Rod Assemblies 
Steel Products Co. 


Tractors 
Automotive Products Corp. 
Midwest Engine Co. 


Transmissions 
Brown-Lipe Gear Co. 
Cc. A. S. Engineering Co. 
Link-Belt Co. 
Morse Chain Co. 
Savage Arms Corp. 


Trucks 
Autemotive Products Corp. 


Trucks, Electric Industrial 
Automotive Products Corp. 


Tubes, Inner Tire 
Firestone Steel Products Co. 


Tubing, Fiber 
American Vulcanized Fibre Co. 


Tubing, Flexible Metallic 
Titeflex Metal Hose Corp. 


Tubing, Helical j 
Rome-Turney Radiator Co. 


Tubing, Rubber 
Thermoid Rubber Co. 


Tubing, Steel } 
Smith Corp., A. O. 
Standard Parts Co. 


Turbines, Steam 
Midwest Engine Co. 


Valves, Poppet } 
Rich Tool Co. j 
Steel Products Co. 

Toledo Steel Products Co. 


Valves, Tire 
Schrader’s Son, Inc., A. 


Voltmeters 
Nagel Electric Co., W. G. 
Westinghouse Electric & Mfg. Cn 
Weston Electrical Instrument Coa. 


Washers, Cork 
Armstrong Cork Co. 


Washers, Fiber 
American Vulcanized Fibre Co.. 


Washers, Lock 
Victor Screw Works 


Washers, Special 
Kales Stamping Co. 


Welding, Electric 
Steel Products Co. 


Welding Outfits, Oxy-acetylene 
Steel Products Co. 


Wheels, Cast Steel 
Standard Steel Castings Co. 


Wheels, Cushion 
Jaxon Steel Products Co. 


Wheels, Motor Truck 
Automotive Wood Wheel Mfrs. Ass’n 
Detroit Pressed Steel Co. 
Jaxon Steel Products Co 
Standard Steel Castings Co. 


Wheels, Pressed Steel 
Detroit Pressed Steel Co. 


Wheels, Sprocket 
Link-Belt Co. 
Whitney Mfg. Co. 


Wheels, Wire 
Marlin-Rockwell Corp. 


Wire and Cable, Insulated 
Marlin-Rockwell Corp. 


Worms 
Van Dorn & Dutton Co. 


Wrenches 
Williams, J. H., & Co. 
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New—Practicable—Proven 


A Positive Leakproof Oil Lubricated Universal Joint 


“MM & kK” 


Universal 
= Joint 
‘\\anti-Dirt Hemp Packing 


(Pat. and Pat. Pending) 
“\oil-Tight Leather Sleeve 







Oil Filling Plug 









Hay i 
K Oil-Tight 7 





HIS device embodies all the best 
points worked out by Automotive 
Engineers for the War—U. S. and A\l- 


This Joint is simple, very strong, has 
ample bearing surfaces, hardened and 


ground working parts and husky pins. 
lied program. . 

Severe variable speed tests in all tem- We will continue to manufacture steal 
peratures, up to 15° +, have been made present grease lubricated Joint, but by 
without change or loss of oil, or injury inserting a special sleeve the Joint can 
to the leather sleeve. be made to retain oil. 





sol | & kK” 
Dry Dise Clutch 


Patents Pending 


HESE Models 10 and 12 Clutches 

are suitable for any open flywheel 

or Unit Power Plant construction and 
will fit all standard S. A. E. Bell Hous- 


ings. 











The friction surfaces are very large. 


The adjustment is simple and easily 
understood. 


me 
Sy 


eae en een jee 
. 


This Clutch will wear much longer 
than others, with less renewal of parts, 
because of the comparative light press- 
ures and large wearing surfaces, and the 
price is reasonable. 








T ~~ * MERCHANT & EVANS Coe 
+. 
Visit our exhibit at the National 
Automobile Truck Show, NEW YORK PHILADELPHIA uaa 
Chicago, Jan. 24—31, 1920. SAL TEMORE 
i 7 ATLANTA ( sT. LouIsS 





CLEVELAND KANSAS CITY 
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} Quality Design 


| Gray & Davis starting-lighting systems for pas- 
| senger cars insure efficiency. Possessing excep- 
tional quality in material and construction, G & 


D systems rightfully take their place on the very 
finest automobiles. 





Quality Workmanship 


Gray & Davis starting-lighting systems for 
trucks add the final touch of completeness to 
the commercial vehicle. Strong, sturdy, serv- 
iceable. They are not converted passenger sys- 


tems, but designed, developed and built espe- 
cially for truck duty. 


Quality Material 


I Gray & Davis, Inc. Boston, Mass. 


See Our Exhibit at New York and Chicago Shows 





i} 
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‘Starting _—Lighting —_—_ Ignition | 
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The Index to Advertisers’ Products 


contains an alphabetically arranged classification of 
various products of interest to members of the Society. 
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The listings which represent the products of well- 
known companies that advertise regularly in the Journal 
are designed to cover, as far as possible, the needs of the 
different branches of the automotive industry. 


Members in search of possible sources of supply for 
parts or materials are referred to this section as a con- 
venient means of meeting their requirements. 


This section contains: approximately 260 headings, 
covering the products of 145 firms. 


It is found in this issue on pages 104, 106, 108 and 110. 
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HIGH TOROUE MOTORS 


(Maximum Pull at Low Speed ) 


Guill to mecE a 


ational NeeL 


Tractors and Trucks are vital growing parts of 
the nation’s productive and distribution sys- 
tem—and just as vital to the individual tractor 
or truck is the motor it is equipped with. 


Waukesha Motor performance is the direct 
result of strict adherence to the High Torque 
principle of construction. 


A principle that has particular significance 
to every owner of automotive equipment. 


For against a heavy pull at low speed the 
engine of low torque will invariably kill. 


Because of this, there is a steadily increasing 
demand, in all parts of the country, for tractors 
and trucks that are Waukesha powered. 


WAUKESHA MOTOR COMPANY, WAU KESHA, WIS. 
The World’s Largest Builders of Tractor and Truck Motors Exclusively 
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‘ FEDDERS q 
[ GENUINE evcoms |} 
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Look for this Nameplate 
on the Car You Buy 


—it is proof that the car builder has paid more than the 
competitive price to ensure utmost radiator service 
and satisfaction for you; 


—it is a guarantee of the many advantages peculiar to the 
genuine honeycomb type—the radiator composed 
of individual cell-like tubes, not sheets joined 


The core is composed together to look like tubes; 
wholly of individual Cel- 
lular ‘Tubes placed in a = __it means full 100% in cooling efficiency all the time—pro- 
horizontal position and : ‘ : 
joined at their expanded tection against clogging, leakage, or damage through 


a. freezing; and the easiest of all radiators to repair. 


—and this is the same radiator standardized by the U. S. 
Government for aeroplane service—the severest test 
of radiator merit. 


FEDDERS MFG. CO. Inc. Buffalo, N. Y 


Vt) 


way“) 


Note the large and uni- 
form water spaces, made 
possible only by Fedders 


Individual Tube construc- = 
tion. 
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BEARINGS 
The Difference is in the Design 


Ore THE OIPFERENCE \ 


"THE inherent principle of the taper roller 

bearing adapts it to carry both radial and 
thrust loads, a combination which occurs in 
most places where bearings are used, Further- 
more taper roller bearings are adjustable, a 
factor which makes for longer life and better 
service, as it is thus possible to compensate for 
wear and eliminate undesirable play. 


Now, in addition to sharing in all of the ere 
tages common to taper roller bearings, Bock 

Bearings possess certain exclusive patented 
features which give them a further superiority. 


The cut “A”, at the left, represents ordinary taper roller i he: pe 08 esign. A brief analysis 
of this shows 3 there is bound to be rubbing action on the end of the roll. This produces 
friction and wear and tends to drag the roll out of axial alignment. This effect increases with 
the intensity of the thrust to a degree that seriously impairs the life of the bearing. 


The cut “B” shows the principle of the Bock patented bearing. In this design it can be 
seen that the spherical ground head of the roll touches at but one point and that the prope. 
one for pure rolling action. Consequently there is no tendency to drag the rolls out of align- 
ment, and friction and wear are reduced to a minimum. 


In workmanship, material, heat treatment and uniformity Bock Taper Roller Bearings are 
unexcelled, as they are likewise unequalled in design. 


THE BOCK BEARING COMPANY, TOLEDO, OHIO 


DIVISION OF 


THE STANDARD PARTS COMPANY 


EXECUTIVE OFFICES, CLEVELAND 
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